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INTROBUCTION. 



STATEMENT OF THE OBJECT OF THIS PAPER. 

The tendency of pits is to become deeper, and of the 
quantities of coal drawn to become larger ; and, therefore, 
winding machinery is of continually increasing importance, 
and is for ever being perfected. 

It is attracting particular attention in the Charleroi coal- 
field, where coal getting is now being carried on at a depth 
of 700 and even of 800 metres (765 to 875 yards.) 

It is thus necessary, in order to have a large output, to 
run the cages in the shafts at speeds which approach those 
of locomotives, and to give the guides and the -headgear 
sufficient rigidity to stand the increased strains. All is 
minutely dependent upon the winding machinery ; and if we 
are compelled to adopt, instead of the old engines of Watt, 
double cyhnder engines, of 300 or 400 horse-power, and do 
not at the same time strengthen our pit guides and head- 
gear, we make a great error in design. 

Moreover, in order to increase the mitput from our Neu- 
ville workings, without any stoppage, we foimd that we ox^ht 
to put down an entirely fresh drawing pit, beside the present 
pit, whose old Watt engine, head-gear, and pit guides were 
correctly proportioned for each other, and might yet serve 
for sending down the men with new ropes, and for drawing 
the stone which had to be got out for the new workings. 

We tried to adopt in our new pit the latest improvements 
which had been worked out in England, in Westphalia, and 
in Belgium, in winding machinery ; and it is the investigations 
that we undertook for this object which I am now going to 
detail. 

We had the advantage of the scientific advice of M. J. 
Kraft, the chief engineer of John Cockerill's works at Seraing. 
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2 WINDING MACHINERY. 

We took M. Kraft's opinion more particularly upon the 
best methods of applying steel ropes, either round or flat, 
and flat hemp ropes, to the depth and position of oiu: new 
workings. 

The problem which we had to work out involved the 
designing of a winding engine whose main shaft should not 
be farther from the axles of the pulley wheels than 15 metres 
(492 ft.), and which would produce, with the best possible 
results as regards consumption of fuel, and wear and tear of 
ropes, a large output of coal from a depth which must range 
from 460 to at least 700 metres (from 503 to 765 yards.) 

It will be easily seen how important it is, in such a case, 
to reduce the dead weight of the cages and trams, by making 
them of steel ; and to lighten the ropes (whose weight increases 
to a marvellous extent with the depth of the pit) by making 
them of the hghtest possible material to give the proper 
strength, and by tapering them as much as is practicable. 

It will appear presently that by employing cages and trams 
of steel, and round steel ropes, it is possible to obtain a con- 
stant moment of resistance with scroll drums of practical 
shape, even with a depth of 1000 metres (1093 yards). 

It will appear, moreover, that by hghtening the suspended 
weights, and tapering hemp ropes from hundred metres to 
hundred metres, or, better still, from twenty-five metres to 
twenty-five metres, we can make ropes sufficiently hght to 
produce equihbrium with depths of 700 metres (765 yards), 
and with the radii of the drums, analogous to mose which 
we now employ, and which produce equilibrium for depths of 
500 metres (546 yards) only. 

We can, in this case, employ winding engines driven with 
a constant grade of expansion ; or with an expansion which 
can only be varied at the end of the run and in changing the 
trams ; in a word, we may employ the most simple and the 
most economical form of win(fing Migine. 

This wiU show the intimate connection that exists between 
all the forms of winding engines, and the importance of con- 
sidering them methodically. 

We shall begin by examining the difi"erent forms of pit 
guides ; then of cages ; then of ropes, and the methods of 
balancing them ; lastly, of winding engines. 

We shall then be able to see, in its true light, the improve- 
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PIT GUIDES. a 

ments that have beenrecently produced in winding machinery, 
and the appUcation of a variable cut-off, so as to proportion 
the power to the unequal resistance of the load. 

PIT GUIDES. 

A design for guides to draw a large quantity of coal must 
be, {!) strong, (2) easy to be maintained in good order, and 
to be replaced if the walling of the pit should come in, (3) 
arranged in two separate compartments, and so that one side 
can be worked at a time, in case the guides are torn out on 
the other side by an accident. 

1. Strength. — In order to combine these different require- 
ments in a pit with arched walls, and with a longer axis of 
3-60 metres (11-81 ft.) and a shorter axis of 240 metres 
(787 ft.) we divided it into two sides by an oak framing, 
shown in plate IX. figs. 1 and 2.* 

Every metre in depth the pit is fitted with tliese " bun- 
tons." The two outside ones are 2'50 metres X 0'15 
deep X 012 broad (98-42 in. X 5-89 in. X 4-71 in.) ; 
the middle one, which has more work to do, is 275 metres 
long X 0-20 deep X 0-15 broad (108-26 in. X 7-87 in. X 
5-89 in.). 

The rods themselves are 4 metres (13'12ft.) long and 
0-18 metres broad X 0-13 metres thick (708 in. X 5-11 in.). 
These are, it will be observed, unusually heavy. The large 
width was given to them so as to increase as much as possible 
the surface in contact with the buntons, and also to ifiminish 
the wear to which they are subjected by the friction of the 
cage-slides. ' It is well known that the shdes wear the face 
and sides of the rods to an extent proportionate to the square 
of the speed of the cages. It is, therefore, advisable to give 
the rods as lai^e a front surface as possible, to make them 
very good, and to prevent the wear upon the side faces from 
making the rods too thin. By means of buntons placed 
1 metre (39 4 in.) apart, centre to centre, and rods as strong 

• The modem English practice of invariably making shafts circular in sec- 
tion does not obtain in France and Belgium. They oaye oval pits, and pita 
made of fuiir segments of circles, as in the present instance ; also eqnare, 
rectangular, and polygonal shafts, are not nncommoB. These latter three 
being often tubbed with wooden tabbing. — I'ramslator, 

B 2 
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4 WINDING MACHINERY. 

as these, tied together by oak fishes of the same scantling as 
the rods, a system of guides is obtained of extraordinary 
strength ; and also the longer sides of the pit are strutted up 
and strengthened by the timbers which are fastened into them. 

2. Maintenance. — The outside buntons stand out from 
the shorter sides of the pit, so as not to weaken, unnecessarily, 
the masonry corners ; and also to allow of the rods being 
fixed by screws and bolts, so that they may be easily got at 
in spite of any settlement of the strata. There is, therefore, 
a distance of 035 metres (1377 in.) between the walUng of 
the pit and the back of the bunton. 

The rods are not fastened directly on to the buntons, but 
have packings between each, of a thickness of 0-02 metres 
(0'78in.), and a length and breadth equal to the depth of the 
Dimton and breadth of the rod respectively. These packings 
give the rods, in a certain way, a thickness of 0"15 metre 
(5*9 in.) They can be taken out and replaced by others 
of a proper thickness, or even be taken out altogether in 
case of a settlement of the strata, so as to keep the rods 
accurately in the same vertical plane. 

The outside rods are fastened to the buntons by bolts 
with projecting heads, screwed up at the back, so that 
they can always be easily tightened. The middle rods are 
fastened to the middle buntons by bolts with countersunk 
heads, in the manner shown below. The fishes of the rods 
are fixed with four bolts each. The screwed ends of the 
bolts are 0-02 metres (078 in.) in diameter. 

We will now show the method adopted to render the rods • 
of each side of the pit altogether independent of each other. 
It was devised by M. Charles Lambert, the engineer-in-chief, 
and it is thought that it accompUshes its object almost to 
perfection. 

3. M. Lambert's Plan of dividing a Drawing Pit into 
TWO Compartments altogether Independent of each 
other. — The method is based upon the observed fact that, 
whenever accidents take place tmm cages coming out of the 
guides, it is the rods which are torn out of place, and the 
buntons are usually left intact. 

M. Ijambert thus, instead of having a double set of bun- 
tons in the middle of the pit, employs only one single set, 
and fastens to it two sets of rods. Tliese are not put one at 
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PIT GUIDES. 5 

the back of the other, but are in two different vertical planes. 
Whenever, then, the rod belonging to one set is torn out by 
an accident the fellow rod of the owier set remains untouched, 
because, though it is fastened to the same bunton, it has 
different bolts. It is to be remarked that each middle rod 
is fastened to the middle bunton better by this method, than 
if the rods were placed back to back, and thus required a bolt 
with a longer screwed end. 

In fishing the rods with the wooden fishes, the only matter 
that need be attended to is that the joints of the two sets of 
rods do not come at the same place, but are, for instance, 
the one 1 metre beyond the other. If the fishes are cut of 
the same length as the distance between two buntons, they 
may be bolted to each rod with two bolts without sensibly 
decreasing the strength of the rods. 

The plan devised by M. Lambert has the following advan- 
tages over the one in which a double set of buntons is fastened 
into the centre of the shaft. 

1. The saving of one-half the large middle buntons. 

2. The diminishing of the length of the longer axis of the 
shaft. 

3. The strengthening of the whole timber, for the buntons 
are supported on both sides by the rods. 

It is necessary, according to this plan to place the axes of 
the pulleys and the centres of the prop shafts in different 
planes on the two sides of the pit, and to make the props 
move rather farther forward on the one side than on the other. 

It can, therefore, only be employed when the head gear is 
set up afresh. The system of guides, then, that we have 
described, combines economy with strength, and with ease 
in maintenance, and it divides the pit into two compartments, 
which are altogether independent' of each other. AH the 

Eieces employed in its construction must be cut out before- 
and, they can then be fixed in position without stoppage for 
500 metres (546 yards) in depth. It is the best way to inswe 
a perfectly vertical set of rods, and to render its erection 
economical as well as accurate.* 

* This plan of putting m pit gnides is very strong and solid, and presents 
several advantages. There are, however, some points which are contrary to 
oar English practice in sach matters ; thus, tlie length of the rods, abont 13 
or 14 It. ifl very small, and there is no solid diaphn^m as is generally the 
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WINDING MACHINERY. 



CAGES. 



The most recent and the most sensible practice that has 
been introduced in the mannfactiu-e of cages, consists in the 
building them of steel, that is to say, of the strongest and 
lightest material known. It is in England, and particularly 
in Lancashire, that we saw this carried out, in 1866. On 
the Continent, in France and in Belgium, where iron cages 
are, employed, a far higher proportion of dead weight to use- 
ful load is rendered necessary ; thus, in the work on collieries 
published recently by M. Burat, page 297, the following table 
is given : — 

Anzin. 



Eilogs. Lbs. 

Two trams 420 ... 926-100 

Cage 1580 ... 3483-900 

Load of coal 900 ... 1984-500 





2900 ... 6394-600 . 


.. 100 




Blanzy. 






Wdgbt. 


Per 




Kiloga. Lbs. 

600 ... 1323000 


centag.'. 

... 19 


Cage 

Load of coal ... 


1600 ... 3307-600 . 

1000 ... 2206-000 


.. 49 
... 32 




3100 ... 6835-500 . 


.. 100 



case in England, where guides are put in the middle of the pit. The following 
method will be fonnd to produce a, very good result. Four vertical 3-in. 
plants are spiked into the joints of the lining of the pit, bo as to leave a S-in. 
groove between them on each side of the pit. Into these two grooves the 
ends of 3-in planks, cut accurately to length, are slipped, and thus is formed 
a solid 3-in, diaphragm in the middle of the pit. On either side of this 
diaphragm one or more iron flat-footed rails are spiked, and their joints care- 
fully fished with a fish underneath tho bottom of the rail. These rail form 
the pit guides, and will last for many years without repairs. — Trmislaior. 
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CAGES. 








Anzin,. 










■Weigtt. 


Per 




Ktlogs. 


Lbs. ' 


centage. 




.'.... 840 


... 1862-200 , 


... 19 


Cage 


1846 


... 4068-225 , 


.. 41 


Load of coal . . . . 


1800 


... 3969000 , 


... 40 




4485 


... 9889-426 


... 100 



Charleroi. — North. 

Weight. 



Per 



Four trams 580 ...1278-900 ... 17 

Cage ; 1480 ... 3263-400 .... 43 

Load of coal 1400 ... 3087000 ... 40 



3460 ... 7629-300 ... 100 

Thus, in two-tram cages, the useful load is about one-third 
of the total load : in four-tram cages the proportion is about 
two-fifths. 

In Lancashire, on the other hand, the application of steel 
to the building of cages, and to the axles and ironwork of 
trams, has enabled them to lighten the proportion of dead 
weight to useful load in an astonishing manner ; as will be 
seen from the following table : — 

Clifton Hall Pit, Manchester. 

Fourtrams 628 ... 1384-74'0 ... 18 

Cage{iron) 1270 ... 2800-350 ... 36 

Usefalload 1625 ... 3583125 ... 46 



Total 3503 ... 7768-215 .., 100 
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California Pit, Wigan. 

" Weight. . 



Eilogs. Lbs. 

Fourtrams 600 ... 1323-000 

C^^«K^^^'^^^*^«] 660 ... 1455-300 

UsefuUoad 1520 ... 3351-600 



EosE Bridge Pit, Wigan. 

Weight. 



Fourtrams 608 

Cage (steel, with two") q^^ 

decks) 5 ^^"^ 

Useful-load 1625 



Total 3045 ... 6714225 

East Canal Pit, Ince Hall. 

Weight. 



Kiloga. Lbs. 

Six trams 600 ...1323-000 

*^feci1r^''^'^^^'^°] 1007 ... 2220-435 

UsefuUoad 1830 ... 4035-150 



Total 



Per 

centage. 

. 22 
. 24 
. 64 
. 100 



Lbs. ' 
1340640 


centage 
.. 20 


1790-460 


.. 27 


3583125 ■ 


.. 63 



centage. 
. 18 
, 30 
. 54 
. 100 



.... 3437 ... 7578-585 
We thus see that by employing steel in the building of cages 
the useful load exceeds the half of the total load ; and that 
steel cages weigh less by one-half than iron ones. 

It will appear, further on, how important it is to lessen the 
dead weight, so as to lighten the ropes, and increase the 
available force of the engines. 

The Life of Steel Cages.— It must not be thought for 
a minute that because steel cages in Lancashire are light 
they are not stout and lasting. 

Thus, the Ince Hall cages had been working when we 
visited the place, for four and a-half years, and had drawn 
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360 tons of coal and 50 tons of dirt, every day, from a depth 
of 540 metres {598 yards) at a speed of 770 metres (25-25 ft.) 
per second, and were even then in good case. At' Rose 
Bridge, the steel cages, which weighed 812 kilogs: (1790 lbs.) 
had worked for four years, with a daily '" turn" of 637 tons 
(coal and dirt together) ; and, in spite of a few breakages, 
their life might be estimated (so said the manager) at twice 
as long as this. These cages were, nevertheless, nm at an 
average speed of 12 metres per second (39-36 ft.), and with 
their double decks had to stand the strains of "changing" very 
quickly indeed. 

The Cost op Cages. — The steel cages at Ince Hall were 
built at the pit, and cost £32 each ; of this, £23 was for the 
rough steel itself 

Tlie Rose Bridge cages cost £35 a-piece. We were so con- 
vinced of the advantage of using steel for cages, that we built 
for our own collieries some steel cages arranged for foxir 
trams, one over the other ; and although, m iron, they had 
weighed 1400 kilogs. (3087 lbs.) in steel they only weighed 
1000 kilogs. (2205 lbs.) including the " Siboitte parachute." 

The steel cages are lasting more than three years, while 
the iron cages were destroyed in less than half that time.' 
We intend to replace these steel cages, which are at the pre- 
sent time not in a good state, by still lighter cages, weighing 
only from 850to 900 kilogs. (18741bs. to 1984 lbs.) includmg 
the parachute. The wei^t of the " Sevrin" parachute is not 
more than 50 kilogs. (110 lbs.) Our cages have to stand 
great strfiins, on account of the double " change" which they 
have during the day, and we think, therefore, that it is well 
to increase their strength as much as possible by employing 
first-rate steel. Thus, the first cages were built of puddled 
steel supphed by the Montigny-sur-Sambre Company — and 
weighed 150 kilogs. (330 lbs.) more than the new cages, which 
will be built of Bessemer steel from Seraing. It is to be 
noted that four decks (one over the other) instead of two, 
necessarily make the cages heavier, and do not allow of 
their having the lightness of the English cages described 
above. 

Weight of Trams. — We not only considered how the 
weight of the cages might be lessened, but tried to lighten the 
trams too. We, therefore, replaced their cast iron wheels 
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10 . WINDING MACHINERY. 

with wrought-iron ones, made by the Couillet Company, and 
0'30 metres (1178 in.) in diameter, weighing 10 kilogs. 
(23 lbs.) each, and we also adopted axles and pedestals of 
Bessemer steel, made by M. Valere MabiUc, of Morlanwelz. 
Each pair complete thus weighs only 296 kilogs. (65'25 lbs.), 
of which 9'5 kilogs. (20-94 lbs.) is for the axles and pedestals, 
and only cost 17s. 6d.* 

It is to be remarked that the use of steel axles enables their 
weight to be diminished, and, therefore, also the dianieters 
of the journals, which are as little as 0'03 metres (1'18 ins.) ; 
and this lessens the friction considerably. In this manner, 
our wooden trams, which hold about 4 hec. (14,126 cubic 
feet), weigh, empty, 190 kilogs. (418-87 lbs.) ; and their load of 
coal is 400 kilogs. (881 lbs.) ; so that the ratio of the dead 
weight to the useful load is not so much as one to two. M. 
Demanet, the engineer of the Esperance Colliery at Seraing, 
has even been able to reduce the dead weight of his trams 
more than this, by making their body of Bessemer steel. 
His tram, when well designed, only weighs 180 kifogs. 
(396 lbs.) for a load of 500 kilogs. (1102 lbs.) of coal ; that is a 
Uttle more than one-third of the useful load ; their cost, how- 
ever, is £7 5s. a-piece. 

We intend to try some iron trams, which will hold 
4 hec. (14,126 cubic feet), and weigh from 150 to 160 kdogs. 
(330 lbs. to 352 lbs.), so as to reduce the dead weight as 
much as possible. 

The strains that the trams are subject to on the inclined 
planes have not enabled us to build wooden trams holding. 
4hec. (14,126 cubic feet) as light as 150 kdogs. (330 lbs.), as 
they do in England. We have been obhged to increase 
the weight to 190 kilogs. (418 lbs.) in order to give the 
trams the necessary strength to stand the corresponding 
work to what they do in England; but if we employ a 
material lighter and stronger than wood, we shall probably 

* -A great stride has been made in the last few months by the adoption of 
steel ti-am wheels. These are made of a mild "pot steel" and annealed oare- 
fnlly in." an oven after they are cast. The result is one of the most tongh_and 
endoring of metals, for such a purpose, which has ever been produced ; and 
it is claimed for them that one thirdof the weight of the wheels may be saved, 
and that they last fonr times as long as cast iron ones. The cost of the metal 
at present is about three times that of cast iron. — Translator, 
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tai,*™ 


Lenstt 


Brndth. 


ThifkMM 

imtia. 


Weight 
per metre. 


Pri« 
[wrkilo. 


Eound 

steel. 


Metres. 


Mm. 


Mm, 

25 


Kilo. 

.. 2'24 . 


Pr. 
. 1-50 „ 


- 


Yds. 
. 375 




Id. 

■984 


Lbs. 

.. 4'9 . 




Round . 

steel. 


Metres. 
. 438 




Mm 
28 


KUo. 

., 2-48 . 


1-50 .. 




Yds. 




In. 


Lbs. 






. 479 




11 


., 5-5 .. 





Rose Bridge 



Yds. In. In. 
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be able to build them lighter without injuring their 
strength. 

In the collieries of the Liege district, our weights are.abput 
as follow : — 

The useful load as in England is rather more than half the 
total load. 





Weighte in kUogs. 


Lba. 


Percentage 


Four trams. 


. 600 to 650 .. 


1323 to 1433 


.. 20 to 22 


Cage 


. 850 to 900 .. 


1874 to 1984 


.. 28 to 30 


Useful load. 


.1600 


3528 


.. 62 


Total ... 


..3100 


6726 


..100 



Details of the Weights drawn in some English Pits. 
— What we have just said about steel cages, shows the im- 
portance of what may be learnt from the practice of collieries 
in England, the land which is the pioneer of industrial pro- 
gress. When we visited the English pits, in 1860, we were 
struck with the fact that the ropes were all made of metal, 
and, particularly, that they were round. Steel is used more 
and more for their ropes, particularly in the Lancashire coal- 
field. Contrary to our practice, the engines and the pulleys 
are so placed that the round ropes are in a capital position, 
both for their work and for lasting well. We have given in 
the following table the details of the winding gear and weights 
drawn in some of the most remarkable of the English pits 
(so far as this is concerned). We learn from M. Vilain, the 
manager of the Poisier collieries, and M. Depoitier, mining 
engineer, who visited, last year, the collieries in the North of 
England, that the use of round steel ropes and scroll drums 
was spreading more and more. They saw at a new sinking 
near Hetton a large drum to counterbalance round steel ropes, 
which were to draw 1000 tons of coal a day from^ a depth 
■ of 540 metres (589 yards.) The engines had two horizontal 
cylinders coupled — of 1'20 metres diameter and 1-80 stroke 
(48 in. in diameter, with 6 feet stroke). It was thought that 
by this means a thorough counterbalance and long hfe for the 
ropes would be combined. (See table on folding page 
opposite.^ 
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ROPES. 

Round Steel Ropes. — The following table is compiled 
from the circulars of English rope makers.* 



Diametei 
of rope. 

Mm. 



Weight 

per 
metre. 



Working Breaking 



Kilogs. 



strain. 
Kilogs. 



Batioof 
working 
load to 

breaking 
str^n. 



HartlepoolRoperyCo. 25 

Wilkins and Co. ... 25 

Newall 25-9 

Do 28 

Do 30 



2-24 

2- 

2- 

2-5 

3- 



4200 
3962 
5486 



26,000 
25,000 
26,000 
36,000 
40,000 



1 to6 
1 to6 
1 to 6-5 
1 to 6-5 
1 to 6-5 



Let us examine whether these loads are not exaggerated. 

If the first rope were changed into -a, straight rod of steel, 
its weight might be decreased in the proportion of eight to 
nine, on account of its not being weakened by the torsion. 
It would then be equivalent to one weighing 1 '99 kilogs. per 
metre (4 "01 lbs. per yard), and this, divided by 7'8 kilogs. 
(the density) would give 255 square millimetres in section. 
Each square millimetre {O'OOl in.) would, therefore, carry 
17 kilogs. Thus, in 

Rope l,the load persquare miUimeti-e is 17 kilogs. {37*4851bs.) 

„ 2, ■ „ - 18-4 „ (40-572 „ ) 

„ 3, „ 17-4 „ (38-367 „ ) 

„ 4, „ 19 „ (41-895 „ ) 

„ 5, „ 17-8 „ (39-249 „ ) 

But according to the experiments made at Seraing (and 

these agree with the figures given by the principal makers), 

no one can safely trust steel to stand more than 14*3 

kilogs. per square millimetre of section (31,530 lbs. to the 

square inch). It will not then be safe to accept the 

English figures which would show that a rope weighing 1 

• Instead of giving the English equivalents of the following French 
measures and weights, we have preferred to place the makers' cards in 
Appendix A, which see. 
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kjlog. (2-205 lbs.) to the metre may have a working load of 
2000kilogs. (4410 lbs.)* 

But let us revert to the data which we ourselves collected in 
England. The results are as follows : — 

At Clifton Hall, a rope 1 kilog. (2-205 lbs.) to the metre 
{39'371 in.) would have a working load of 1700 kilogs. 
(3748-5 lbs.) This gives " 14-9 kilogs. (32-854 lbs.) per 
square millimetre of section (32,854 lbs. per square inch.) At 
California Pit, a rope 1 kilog. per metre bears a mean load of 
1500 kilogs., or 1 square millimetre of section bears a mean 
load of 13"1 kilogs. (28,885 lbs. per square inch.) This is not 
an exaggerated estimate, and we shall, therefore, adopt this 
as the basis of our calculation. It is to be noted that by 
taking 13 kilogs. per square millimelre, we are loading the 
ropes with one-eighth of the breaking weight, as given by the 
English makers ; and, moreover, if we calculate the ropes 
in this fashion for coal drawing, the working load will be 
one-seventh of their total strength when dirt is drawn instead 
of coal. 

According to the experiments made by M. Demot in 1860, 
at Gosselies, before the mining commission on fiat ropes, 
made of manganised steel, it was found that the square 
millimetre of steel wire had a breaking strain of from 95 to 
107 kilogs. (209-4lbs. to 235-91bs.) As the breakage took place 
without the slightest shock and in the most regular manner, 
whilst in drawing coals the ropes have to stand strains and 
oscillations and friction, the commission has taken only 
80 kilogs. per square millimetre of section as breaking strain, 
and for working load, one-sixth of this strain, or say 13'3 
kilogs. per square millimetre (29,326 lbs. per square inch). 

According to M. Larivifere, the manager of the Angers 
slate quarries, a steel wire of 2*1 millimetres (0*087 in.) 
diameter, weighing 0-021 kilogs. per metre has a breaking 
strain of 269 kilogs., so that the square millimetre ('001 square 
inch) will carry 77 kilogs. without breaking, and have a 
working load of 13 kilogs. (28-660 lbs.) 

* We tMnk that every ooe will allow that onr knowledge of the propertieB 
of different olaeseB of sipei, and particularly of Bteel ropes, ia imperfect ; and 
that the different qnalitieB of steel need by different mcLkers, as well aa onr 
fecial advantages in England for obtaining good iteel wire, will qnite account 
iSr these differences. 
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Round Steel Ropes op uniporm Section. — In order to 
draw a total weight of 3100 kilogs. (6834-3 lbs.) we should 
have, according to these data, a parallel rope weighing 
2700 kilogs. {5952-5 lbs.) or 386 kilogs. per running metre. 
We never saw them use, in EnglaniC ropes which were not 
parallel. This is to be explained by the shallow depths from 
which they draw, the average being not more than 300 metres 
(328 yards), and when the depths are much greater, as at 
Rosebridge, the English rope makers make their ropes with 
taper strands ; but it is not impossible to»-make ropes that 
taper from 100 metres to 100 metres by dropping out a steel 
wire every now and then'. 

EouND Steel Ropes tapering from 100 Metres to 
100 Metres. — Let us consider a round steel rope taperjng 
every 100 metres and 700 metres long (766 yards), and 
whose total working load shall be 3100 kilogs. (6834-3 lbs.), of 
which 1600 kilogs. (3527-4 lbs.) are useful load ; and let us 
assume that a rope 1 kilog. per metre will bear 1500 kilogs. 
(3206-9 lbs.) at the top of each length of 100 metres (328 ft. 
1 in.). 

We shall then have : — 



100 
100 
100 
100 
100 
100 
100 



2-218 
2-373 
2-543 
2-725 
2-919 
3-125 
3-343 



Weight of 
each length. 

221-8, 

237'8! ■ 

254-31 • 

272'5! • 

291 •9| • 

312-6{ • 

334-3' • 



Difference 
of weights 
of lengths. 

16-7, 
17-0 I 
18-2 ! 
19-4 { 
20-6 I 
21-8 > 



2iid diff. 3i^ diff. 



1-3, 
1-2 
1-2 
1-2 
1-2' 



0-1 
0-0 
0-0 
0-0 



700 m. at 2760 = 1924-6 

In order to obtain a general expression for the weight of 
round steel ropes which taper from 100 metres to 100 metres, 
and of a length of m hundred metres, it has been pointed 
out by Mr. P. Havrez that the 4th difference in the variations 
of the weights of the successive sections being zero, the usual 
formula of interpolation may bo applied. This, arranged in 
order of ascending powers of m, is : — 
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■""V 1-2 l-2-d J '^i-2-3 ■ 
Here i^k = Weight of rope no metres long ^ 0. 
A <^K = 222 kiloga. (Approximate.) 
A'0K= 157kiIogs, 
4'<^ = I'Skilogg. 

of m hundred metres of steel rope 

_/222 15-7 r3\ . /16-7 1:3\ 13 

~\1 2 + 3 /'""^V 2 2 ^"^ + 6 " 
= 214 ™ + 7'2 m." + 0-2 m.^ 

.fm=l Pi =214+ 7-2 + 0-2 = 2214kilogs. 
m. = 2 Pj = 428 + 28-8 + 1-6 = 458'4kilog8. 



m = 7 Pj =1498 + 352-8 + 68-6 =1920 kUogs. 

These calculations agree closely with the figures given 
above. 

Thus, the increase of the weight of ropes begins to be very 
great, on account of its involving the 3rd power of the depth, 
when the depth is more than 700 metres, and their thickness 
must increase in the same manner. 

It will thus be seen that to lighten ropes as much as possible, 
and thus draw coals from great depths, it is a matter of 
necessity to taper the ropes : and that the sections increase 
rapidly in weight as their differences increase progressively. 
For as the depth is increased the size of the last sections of 
the rope become enormous, and it is, therefore, of great 
importance to make the load at the end of the rope as small 
as possible, as this is the first term in this series. 

Ropes tapering continuously from end to end. — It 
may be interesting to work out the weight of a rope which 
tapers continuously. Now in iron and steel it will be theoreti- 
cally necessary, for this to make the rope with each wire 
tapering, and the wire-drawing must be considered and varied 
in order to do this. For this purpose, we must make great 
strides in the manufacture of wire, but let us see what will 
be the results of that in the lightening of ropes. 

1. What is the necessary section at any point of a rope in 
order that it may always be strong enough to cairy its own 
weight. 
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Let a be the section of the rope at its lower end. 
Q = the load. 

r =; the strength of a unit of section of the rope, 
y = the specific gravity of the material of the rope. 
8k = a small element of length of the rope. 
S = the section of the rope at the distance k from the 
lower end. 
Then we have. Strength of rope = weight at every point, or, 
S !■ = Q + weight of rope below that point 
= Q + j^ SySK 

(For SyS(c is the weight of an element of length), 

or J^ _ y g 
. ■ . integrating log. S + e = -^ k (1) 

But when 

K = o S = aandQ = a»-o 

and at the lower end (1) becomes 

log. a + c = ; or e = - log. a 

. • . SnbBtitnting log. S — log. ^=-?f 

whence 

■|=.V'i«idS = ^eV" (2) 

(2.) What is the volume of a continually tapering rope ? 
The volume V will be [ SSk. 

"Where I is the total length of the rope, and, substituting the 
value of S from (2) 

To integrate this, let us write it in the form : — 

v = Srf'j!.,-f 8. 
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= 9i f.VsCi?) 
Now, it will not be forgotten that the integral of 

e' = i-^— = e* 
log.e 

So the integral of the above expression will be 

T = " eT" between limits I and o 

=i(--')=f(--M • 

(3.]| What is the actual weight of such a rope 1 
This will be, of course, V (the volume) multiplied by the 
density y ; and 

Va = Q(«V-i) 
In the case of round steel ropes, above considered, 

Q = 3100kilog8. 

y = 7'8 Ulogs. (the density). 

I = lengtli of rope. 

r = 131,580 (the strength). 

e = 2718. 

H' _7'eX70OO 

.*. e-nnll = " ' 



(3) 



Taking logs. h^. ev = 0'415 x log. 2718 = 0-415 x 0-4343- 
= 0-18023 



Thus P = Q (1-5144 - 1) = 0-5144 Q 
= 0-5144 X 3100 
= 1594 kilogrammes. 

And a round steel rope of logarithmic form (as shown by the 
equation) would w»igh only 1594 kilogs. ; or 371 less than a 
rope which tapers omy from 100 metres to 100 metres, and 
1106 kilogs. less thaja. a rope of uniform section. 
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FLAT STEEL ROPES. 



The following data are extracted from the cards of English 
rope makers : — * , 





Sizes of ropes. 


Weight 

metre. 
Eilogs. 


Worting 
loads. 

Kilogfi. 


Reduced 

working 

load for a 

rope 

tho metre 


Ratio of 
working 
load to 




Breadth 


Thiuk. 
nesB. 


breakuig 
stt^iu. 


Newall ... 
Do. ... 
Do. ... 

Hartlepool) 
Ropery j 
Do. 
Do. 

Wilkins &1 
Weatherly J 

Do. 

Do. 

John Shaw 
Do. 
Do. 


6-0 
6-8 

8-7 

6-8 

6-8 

8-7 

60 

7-6 
9-1 

6-1 
8-3 
9-0 


1-26 
0-94 
0-94 

1-26 

1-66 
1-66 

16 

1-6 
1-6 

1'2 
1-6 
1-6 


2-5 
3-71 
60 

2-5 

40 
SO 

2-6 

4-0 

4-8 

2'98 
3-96 
4-46 


3200 
6000 
6800 

3000 

6000 
6600 

3200 

6400 
6000 

3464 
6130 
6993 


1280 
1340 
1360 

1200 

1260 
1100 

1280 

1360 
1340 

1160 
1300 
1340 


1 to 8-95 
1 to9 

1 to 8-88 

1 to9 

1 to9 
lto8 

1 to 8-1 

1 to 7-8 
1 to 7-7 

ItoO 
1 to 8-1 
1 to 7-8 



It will be seen that, accordiDg to this, the working load is 
only from one-eighth to one-ninth of the breaking strain, 
whilst for round ropes it amounts to one-sixth. This is 
because the different ropes (of which the flat rope is made) 
are never perfectly united in spite of the stitching whicn 
fastens them together. 

Thus, while a round steel rope, weighing 1 kilog. per metre, 
would carry, according to the average of English makers, 
2000 kilogs. working load, a fiat steel rope, 1 kilog. per 
metre, would only bear the following loads : — 

• Instead of giving the English equivaJentfl of the following French 
measTiree and weights, we have preferred to place the mahere' cards in Appendix 
A, whiah see. 
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According to Newall 1300-v 

Hartlepool Co. 1200 / Average, 1270kilogs. 
„ ■ Wilkina&Co. 1320 C {2800 lbs.) 

„ Shaw 1260 -^ 

If, then (as the English makers assert) a flat steel rope 
weighing 1 kilog. per metre will carry well, 1200 kilogs., it 
appears that the ratio of the working loads of a round and 
flat steel rope is 8 to 10.* 

And as we found that a round steel rope would bear a 
working load of 13158 kilogs. per square millimetre, so we 
should have for a flat steel rope 10"5264 kilogs. per square 
millimetre (23,210 lbs. per square inch.) Now let us see 
what it is in practice. At Rose Bridge Pit, a flat tapering 
steel rope 540 metres in length, and weighing, on the 
average, 5'15 kilogs. per running metre would have on its 
upper end the followli^ load : — 

Coal 1625 

Cage 812 

Trams 608 

Rope 2781 

Total 5826 kilogs. 

To carry this load we should have to use a rigid steel bar 
of 582'6 square millimetres section, since each square miUi- 
metre will support 10 kilogs. This bar would weigh 582 "6 x 
7-8 or 4'544 kilogs. But, on accoxmt of the weakening due 
to the twist of the rope, this must be increased in the ratio of 8 
to 9, or ought to be 5"11 kilogs. 

It will thus be seen that at Rose Bridge they do not even 
strain the ropo up to 10 kilogs. per square millimetre 
(22,050 lbs. per square inch). We may, therefore, assume 
that a flat steel rope ought not to carry more than 10 kilogs. 
per square milUmetre of section (we adopt this new variation 
of the unit on account of the great simphfication of the calcu- 
lations). And let us now calculate what will be the working 
load of a rope weighing 1 kilog. per running metre (2 lbs. per 
yard) according to this result. The section S of a rojte weighing 
1 kilog. to the metre will be determined by the equation — 

* This woTild be 1200 to 2000 or 6 to 10, not 8 to 10, or 7-894 tiloga. per 
square millimetre. — Translator. 

c 2 
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S (square milUmetrea) = | x ^ = 113-9 (square milli- 
metres) (the ratio k representing the increase due to the 
torsion). Thus, a rope washing 1 kilog. to the metre has a 
section of 113-9 square millimetres, and as each square milli- 
metre can carry a working load of 10 kilogs., the total working 
load will be 1139 kilogs. or, adding one in the units' place to 
produce even figures, 1140 kilogs. (2513 lbs.) 

We shall, therefore, assume in our calculations that a flat 
steel rope weighing 1 kilog. to the metre will bear a working 
load of 1140 kilogs. {i. e. a rope weighing 2 lbs. to the yard 
will bear a working load of 2513 lbs.) 

Flat Steel Rope of uniform Section. — It will follow 
at once that, in order to draw a total load of 9100 kilogs. 
from a depth of 700 metres (20,065 lbs. from a depth of 
766 yards), we should have to employ a parallel rope of 
4932 kilogs. weight (10,875 lbs.) or 7-045 kilogs. per rumimg 
metre (14198 lbs. to the yard). For the total load which 
the topmost metre of the rope has to stand is 9032 kilogs. 
(19,9151bs.); and dividing this load by the load (1140 kilogs.) 
which a rope 1 kilog. to the metre can carry, we find that we 
must give to this metre a weight of 7'045 kilogs. (15'53 lbs.) 
per nmning metre. 

Flat Steel Rope tapering from 100 Metres to 100 
Metres. — The following table gives the details of a flat steel 
rope 700 metres long, tapering each 100 metres, and suffi- 
ciently strong to carry a working load of 3100 kilogs. (6835lbs.) 
at its lower end : — 



LengfchB. 



Weights per 
running metre. 



2-982 
3-270 
3-584 
3-928 
4-304 
4-715 
5-165 

3-993 



Lbs. 

6-575 
7-210 
7-902 
8-661 
9-490 
10-396 
11-388 

8-804 



Weights of 
each length. 

Kilogs. 

. 298-2, 

. 327 Ol 

. 868-4i 

. 392-8 

. 430-4{ 

. 471-61 

. 616-6> 



28-8 
31-4 
34-4 
37-6 
41-1 
46-0 
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The formula of interpolation (before made use of) wfll 
immediately give an expression for the weight of a rope, as 
above, whose length is one hundred metres. 

¥oT ^ (k + V, A x)=<l'K+^A <!»<-+ ^fl^ A^<I.K+ . 

m. m—1 M— 2 , , , 

rrr: — z-^ *'■ 

Or tlie weight 



(0 + m. hnndrede) = + ^ 298 t- ^ ^ .« -p -j— ^ = — o 

For the first difference between the weights of tlie aectionfl of the rope is 298 , 
the difference of the differences, 29, and the difference, again, of these, 3 ; 
.'• Weight of m hondred metres or P 

P=285j» + 13m« + 0-5m,» 
If m = 1 P = 298-5 kilogs. ( 658 Iba.) . 
m = 2 P = 626 „ (1380 „ ) 
m=3 P= 785-5 „ (1?32 „ ) 



m = 6 P = 2285 „ {5038 lbs.) 
m = 7 P = 2803 „ (6181 „ ) which figures are 
practically identical with those given above. 

Now, comparing the formula for a round with a flat steel 
rope, we must observe that in the former case the co-efficient 

of m^ is one-half, and that of m^ ^^ of the corresponding co- 
efficient in the latter case. 

The greater the value of m, the depth, the more important 
is it to adopt a roimd rope instead of a flat one. 

Thus, the weight for small depths varies according to m 
and m^, but above 600 metres, far more, on account of the 
term involving m\ And for great depths of 700 and 
1000 metres {765-5 and 1093-6 yards) the weight of the rope 
increases rapidly with the cube of the depth. Thus, for 
600 metres this term adds 108 kilogs. to the weight (2^ lbs.) 
and for 700 metres it adds 172 kilogs. (379 lbs.) This law 
is also true in the case of a uniformly tapering rope, only it 
will make the rope rather too strong, and this is a good fault. 

Flat Steel Rope c<»itinuously tapering. — What is the 
weight of a flat steel rope with a continuous taper 1 
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It is given, by the formula ; — 

p = q(.^-i) 



Q wMch y = 

r = 100,000. Q = 3100 
I = 7000. 



r= 0-546 log. 271828 
= 0'546 X 0'4343 
= 0-237128 



.-. «-ir= 1-726 
Whence P = 3100 x -726 = 2251 kilogB. (4963 lbs.) 
As, therefore, the saving of weight is considerable, it will be 
important to try and manufactxire steel ropes with a con- 
tinuous taper. 

lEON WIRE ROPES. 

Iron wire ropes are more and more, every year, in England, 
being replaced by ropes of mild steel, seeing that a steel rope 
is to be considered only as the perfect form of metallic rope. 
The faults of metallic ropes (slight flexibility, difficulty in 
detecting bad places, too slight thickness in the rope to make 
a good counterbalance by the increase in the diameters as 
the rope rolls up) are nearly the same whether steel or iron 
is employed. We shall, therefore, not place any stress upon 
the details of iron ropes, seeing that steel may be made to 
replace it with advantage. Moreover, the comparisons of 
ropes made of metals, and of textile substances (such as aloes 
or hemp), which we are now going to begin, should, to be 
conclusive, be based upon the most perfect form of metal 
rope, that is to say, a steel rope, and upon the aloes rope 
which we use on the Continent.* 

• It is a remarkable fact that the fibre which is apparently now naed 
nniversally for hempen pit ropes in Belgium and the north of France ahonld 
be so little known amongst miners in England, The history of the term 
"aloes" aa applied tothese ropes is curiona. The real aloe is a plant of 
donbtfnl origin, aeldom met with in this paH of the world, though now 
widely spread in warm countries, especially in Africa, and known chiefly from 
the bitter medicine which is made from it. The so-called ifeaicaw aloe (^Agave 
Americana), which is in reality not an aloe at all, but an amaryllid, is now 
commoiily known by tfaat name on aocoont of its reaemblanoe to the plant 
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It is well known that aloes form the hest fibre for the 
manufacture of pit-ropes, and that the use of hemp has now 
been given up for some time. 

The following data have been furnished to us by the firm 
of Vertongen and Goens, of Termonde. 

The breaking strain of aloes is 6 kilpgs. per square miUi- 
metre of section {13,230 lbs. per square inch.) The working 
load is 0'75 kilogs. per square millimetre (1654 lbs. per square 
inch), so that the ^pes are worked to one-eighth of their 
breaking strain. 

It is to be noted that if they are worked up to one-eighth 
of the breaking strain in drawing coal, it will be increased 
up to about one-seventh in drawing stone and dirt. The 
weight of a cubic decimetre of aloes' fibre, supposing it to be 
sohd, is about 1 kilog. (6243 lbs.to the cubic foot.) So each 
metre of aloes rope which weighs 1 kilog., arid, therefore, has 
1000 square millimetres of section, or 10 square centimetres, 
would carry a working load of 750 kilogs. (A rope weighing 
2'015 lbs. to the yard wiU have a section of one square inch, 
and carry a working load of 1653 lbs.) We will now calculate 
the weights of aloes ropes (1) if the section be uniform, (2) 
if the rope taper from 100 metres to 100 metres, (3) if the 
rope taper continuously, and is in each case fit to draw a total 
load of 3100 kilogs. from a depth of 700 metres (6835 lbs. 
from a d^th of 766 yards.) 

Aloes Rope of uniform Section. — This rope must weigh 
43,400 kilogs. or 62 kilogs. per running metre (96,697 lbs. or 
120 lbs. per yard.) For the total load which the topmost 

mentioned above. Ita long fleehy leaves yield, when properly macerated, an 
exceedingly toogli fibre, wMch is nsed in makiQg nets and smEiU articles of a 
similar natnre. Hence, the term aloes baa become so well known bj IFrench 
rope-makers. Tbe word, bowever, is now nsed, in a mncb more general sense, 
to denote various gortg of fibres -used for cordage other th(m hemp. Thebestof 
tbese manila is the fibre of the Musa texUlis, a species otplanlam, and not, in 
any way, an aloe. This' is the fibre mentioned in the text. Among the other 
materialB embraced in the general name aloes are, the Spanish esparto grass, 
Dsed for ships' warps, and jnte, which is chiefly used for sacking and inferior 
cord. It JB to be noted that fiat pit ropes made of mamla coated vHtk hemp, 
so that the ontaide covering may retain the tar, have been BnooesAfally need 
in England for some years. — Trvmslator, 
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metre of the rope has to carry is 46,500 kilogs. (102,530 lbs.) ; 
and if this be divided by 750 kilogs., which a rope weighing 
1 kilog. per m^tre will carry, we find that the topmost metre 
must weigh 62 kilogs. We must observe here lliat an aloes 
rope of uniform section woxild break from its own weight 
if reaching to the bottom of a pit 750 metres (820 yards) in 
depth. 

Aloes Rope tapered from 100 Metres to 100 Metres. 
— An aloes rope, according to the conditions just detailed, 
would be made according to the following table : — 



Lengths. 
Metres. 

100 
100 
100 
100 
100 
100 
100 

700 



Weight per 
metre. 
Kilogs. 

4-77 
6.608 
6-36 
7-327 
8-464 
a-764 
11-264 



7-63 



477- , 
660-3 
636- i 
782-7 1 
846-41 
976-4 
1126-4' 



between 

weights. 

. 73-3 
. 84-7 
. 97-7 
. 112-7 
. 130-0 
. 160-0 



6341-7 



In a general form the weight of m hundred metres of an aloes 
rope = 443-7 m + 31-8 m + 1-4 ^"4- 0-08 m* for applying as 
before the method of differences ; — 



For we find A p « = 4?7' 

A^<pK= ?3-3 

AVk= 11-4 

A* 45 K = 2- (constant.) 

• AV«= 




* It will, I think, be found, if tieae figures be gone orer 
mplete statement of the formnla is— 


carefully, 


A pK = 477- 
A> K = 73-3 
A»p«= 11-4 





■0 



■■) 



The effect will be to add one more term to the co-efficients of 
m.*, and to introdnee a term at the end '003 m'. The resnlt, 
depth of 700 metres (when m = 7) is strangely near that given : 
the weight being 5331'? kilogs. Ills, therdore, worth while only 
it in passing. — 'Bramlator. 
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And the fommla before employed will give — 

jv-ri»jf«T^_j j2^ 1.2,3 - 1.2.3.4^" 

- fA^jK qA^?K,„ A*^k\o 

/'A^£,_gA*f.\ , 
V 1.2.3 1.2,3,4..' 

^ V 1.2.3.4..' 
omitting all sal>seqiient tarms because A ' ^ « = 0. 

Subatitnting the valnea of A f k. &c., the weight ef (0 + m kandred metres 
of rope) 

^ V 1.2 ^ 1.2.3 1-234/- 

, / 733 _ 3_x 11^ , 11 X 2 \ , 
■^ VI. 2 1.2.3 "^ 1.2.3.4/"''' 

^ V,1.2.3 1.2.3.4V 

+ -^- m* 
1.2.3.4 
.■. The weight of m hundred metres of rope 

= 443-7 m + 31-8 m2 + 1-4 w' + 008 iii* 
If m = 1 P = 443-7 + 31-8 + 1-4 + 0-08 = 477 
m = 2 P = 887-4 + 127-2 + 11-2 + 1-3 = 1027-1 

m = 7 P = 3105-9 + 1558-2 + 480-2 + 192-8 = 5337-1. 

It is evident from inspection that the co-efficients which have 
the greatest effect upon the weight are those of m^ and after- 
wards of m* as the depth increases. Thus, it is only about 
at 700 metres that the co-efficient of m* adds 200 kilogs. to 
the weight of the rope. 

We may, then, assume that the weight of an aloes rope 
700 metres in length,a5 above, will be 5340 kilogs. (11,748 lbs.) 

Theoretical Form of Tapering Aloes Kope. — Let us 
substitute in the formula 

P = Q (c7-l) Q = 3100kilogfl. 
I = 7000 „ 
e = 2-71828 „ 
!/ = ! 
r = 7600 „ per decimetre. 

(1X70QO \ 

2-71828 '500 _ J J 
Taking logs, aa log. e ^ '4343 

log. v^^ = 0-0333 X -4343 = 0-40533 
.-. e''^ = 2-543 
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and P= 3100 (2-543 - 1) = 4783 kilos. 
or, on an average, 7 kiloe. per metre (I4'l Ibe. per yard.) 

A specimen of this sort of rope was exhibited at the Paris 
exhibition which was manufactured by Messrs. Stieveuard, 
Cambier and Son. It was tapered in a length of 25 metres 
from '30 metre at one end down to -18 at the other. I 
have received the following communication from the makers 
on this subject. 

. "The manufacture of ropes on this plan is very difficult. 
In order to be really weU done, a special form of apparatus 
is required, which only two or three makers on the Continent 
possess at present. We have here a machine which works 
quite alone, without needing any attention, except the 
replacing of the reels of yam, and the taking away of the 
ropes as fast as they are-spun. 

" The machine is 9 metres in height (29-5 ft.), and 5 metres 
in circumference. It will .turn out 1000 metres in a day, and 
takes up a space of only 10 metres square altogether, the 
machine taking up half of this space, and could make 10,000 
or 100,000 metres of uniform section or tapering, all in one 
length, and without any splice, which is a most important 
matter. From the first metre to the thousandth the torsion 
is always the same per metre. The yams, which are drawn 
down in a vertical direction, and will only draw out at a cer- 
tain tension, are, in consequence, equally stretched, and all, 
without exception, carry the same load. 

" According to the apparatus usually employed, each 
tapering strand is composed of three sets of yams. Each of 
these sets which continually tapers is twisted along a rope- 
walk, and the smallest portion perforce receives a stronger 
twist than the rest. This is the first disadvantage. Moreover, 
it follows that the sets of yams being placed horizontally, 
some are more stretched than others, and thus there is a loss 
of strength. Then, when they come to lay up the rope, that 
is to say, to lay together the three strands, to make the round 
rope, this operation again produces the same objection of a 
sharper twist in the weaker section. Most rope-makers, in 
order to get over some of these important objections, are 
obliged to malie of each tapering section a separate rope, and 
to join up each section to the next as well as they can by a 
spUce. If there are four sections there are three or four 
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splices, which is a source of danger, is only like an old rope, 
produces an unequal tension in the different strands, an 
abrupt transition from one section to another, and tends, more- 
over, to untwist the rope. In any case, the result is bad, 
and is shown by frequent repairs, by a notably shorter life of 
rope, and sometimes actually by fracture. This will explain 
to you why in the Charleroi and Li^ge coalfields we find that 
the manufacture of ropes with tapering sections is very diffi- 
cult and expensive, and gives bad and dangerous results. 

" Our machine, which is of a considerable size, not only 
finishes the rope without any splice, but also makes cable- 
laid ropGS gradually tapering so as to pass from one section 
to another by insensible degrees. The tension, which ought 
to vary as the size, in each portion of the rope, is regulated 
at pleasure by the gearing. You will have been able to 
appreciate by our specimen rope in the exhibition the remark- 
able results which we have obtained and which any rope- 
maker would declare impossible ; in the short length of 25 
metfes (82 ft.) we have made it taper from a circumference 
of "30 metre {11'8 in.) to '18 metre (7 in.), without a single 
splice, without any untwisting of the eight strands, and by 
'a decrease of strength so gradual as to be by inappreciable 
degrees. Much more, therefore, can we obtain results such 
as these in longer ropes. 

" Below are the different sections of rope which we manu- 
facture. 



1st length of 100 metres 


2nd 


100 


3rd 


60 


4th 


60 


5th 


80 


«th 


60 


7th 


60 


8th 


60 


9th 


60 


LOth 


60 


Total. 


.... 600 metres. 




„G'ooi^le 



28 WINDING MACHINEEY. 

Messrs. Vertongen and Goens, of Harmignies, manufac- 
ture, also,. aloes ropes tapering in lengths of 50 metres, and 
even in lengths of 26 metres ; they can even push the amount 
of taper to its theoretical limits. 

We give on page 29, in a tabular form, the weights and prices 
of different kinds of ropes 700 metres (766 yards) long. 

It follows, from this table, 

(1.) That it is of the highest importance to give our ropes 
a continuous taper. As for aloes, we may consider the ques- 
tion settled. In the present condition of the manufacture of 
steel ropes, one can hardly hope to get them tapering more 
frequently than every hundred metres. In order, however, 
to push this tapering still farther, it will be necessary to make 
them of smaller wires, and to leave one out as often as 



(2.) That for a depth of 700 metres an aloes rope of a con- 
tinuous taper is again about two and a-half times heavier, 
and more costly, than a round steel rope which tapers each 
100 metres, and one and a-half times heavier and more costly 
than a flat steel rope of a similar make. 

(3.) That when we come to be able to make constantly 
tapering metalhc ropes, round steel ropes 700 metres long 
are nearly three times as light and more economical than 
continuously tapering aloes ropes, and flat steel ropes are 
twice as light and economical as aloes ropes. 

Let us form a similar table for 1000 metres (1094 yards) in 
depth. • 

The weight of tapering ropes will be given by the general 
tables on page 30, for a load of 3100 kilogs. (6835 lbs.) and to 
lift from a depth of m hundred metres. 

It is evident from what goes before — 

(1.) That ropes of uniform section, even round steel ropes, 
have to be put out of the question when the depth is as great 
as 1000 metres (1094 yards). 

(2.) That a flat steel rope tapered every 100 meCres will be 
one and a-half times heavier than a round steel rope. The 
difference of the weights, if the rope be 1600 metres (1?50 
yards) long, will be exactly the whole useful load. The con- 
tinuously tapering aloes rope is about three times as heavy 
as a round steel rope tapered every hundred metres. The 
fact that round steel ropes proved to be so much superior to 



^yGoO'^lc 



ROPES OF ALOES. 





11 




^ ■ . £2 




51 






CO 




.0 




£ 




« 


00" 


s 


& 


^. 




« 


§• 






















s. 








-!t< 






(N 






s 


M 


d£ 




« 




§ 


s 


c 


•i 


s 


i 






















«R 














^ 








§2 
^1 


£ 




i 




fH 


^ 




•< 


OS 


1 


5s 


i 


Si? 


i 


§ t 


00 


! 


w 


« 


s 




^s 


t^ 


g - s 


k 


t~ ►J 


Id 


« 




a 


^. 
























•S2 


i 




i 


OS 


Oi 
W 


j 


51 


i 


t- 

o 


;s 


-I 


u 


<A 


m '^ 


CO 


M 


CO 




^• 


























11 


1 




rf 






! 














t- i 


o 




^ 


o 


1 


■21 


m >a i 


i^ 


(N J 


«o 


tj 


G^ 




lO 


. 


11 


1 


1 ^ J 


1 






1 


g 

rfT 


& 




•s 

i 






-*< OS 














^1 


1 


Oi -I CO 


1 


S3 


S 

CD 


1 


1 


& 


■*" 


•o S. 








>o 




1 


■^ 




■* 


" 


S2 

.81 


1 






5 3 


Tdn" 


^. 


i 














g 










-^ 












a 

3 








3 






















■^ 
















s-a 


















































Gh 


















» 


-^ 










M 




H^ 






w 







„Gooi^lc 



WINDING MACHINERY. 



1 

ni 

I „| If i.| 

1 if tj ll 

« xt ri tM 

II II 11 II II jl % 

ftH ccel* ckS^ o;"^ 

1 '= =1 

! - -J 

ill r! 

- 1 ^° g 
1 1 1 "* 


1 


li 


1 




"i 


2" 


mS 


'1 




^1 


-i 






Ij 


O 


J. 




^1 


■*3 


i. 

h 

!! 

•< 




i 


ti 


^1 


li 

§00 




si 

1 


|?5i| 


IS 






j! 


^1 


iiii 


11 




|?3 


J2 


i 

2 
■s 

1 

- ^ 
1 


U 


$ 


Is 

was" 


5D 

it 


woo" 


hJoT 


32 




11 


CO 


II 

3 CO 


3s- 




■a 

=3 

= 1 


Is 

a CO 


5l 


li 

a<N 






1 
f 


i 

a 
I 


•g 
t 

1 


1 
§ 

d 

1 



„Gooi^lc 



EOPES OF ALOES. 31 

other forms of rope, induced us to make a more detailed in- 
vestigation into these ropes, and the drums specially adapted 
for them. 

(3.) The theoretical round steel rc^e is nearly three and 
a-half times as light and more economical than a rope of 
aloes. 

The influence that the depth of the pit has upon the weight 
of the ropes will become more apparent by the following 
table. 

Rope tapering each Bope tapering 

100 metres. continuoualy. 

700 1000 700 1000 

metres. metres. metres. metres. 

Kilogs. Kiloga. Kilogs. Kiioga. 

Round Steel ropes ,.. 1920 ... 3600 ... 1594 ... 2508 

Flat steel ropes 2800 ... 4650 ... 2251 ... 3563 

Flat aloes ropes 5340 ... 9817 ... 4783 ... 8658 

We see, thus, that the 300 metres added to the end of the 
700 metres increases the weight of a steel rope by more than 
one-half of the total weight ; and nearly doubles the weight 
of an aloes rope. 

It follows, therefore, from what has been said, that the 
greater the depth of the pit the more important is it to em- 
ploy continuously tapering ropes, to use those made of steel, 
and round rather than flat ones. 

We will now investigate the best method of counter- 
balancing the ropes and of economising fuel under the boilers 
of the winding engines. 

METHODS OF COUNTERBALANCING ROPES. 

1. Round Steel Ropes.— We will assume that a round 
steel rope has been adopted, tapering every 100 metres, and 
will consider the best form of drum to counterbalance this. 
We must first consider what is the least radius of drum 
which shoidd be employed to wind the last and stoutest coil 
of the rope, a coil weighing 3'348 kilogs. per running metre 
(8'07 lbs. per yard). This weight of rope corresponds to a 
section of 



3-346 
7-8 



X - = 381-5 square millimetrea (= 0'591 square inot.) 
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, We will now see what is the best way of making a rope of 
this section. 

It has been found out by experiment that to make a 
thoroughly good rope all the wires must be twisted to the 
same extent. The wires, therefore, in each strand must be 
twisted round a hemp core, which will be elastic and com- 
pressible, and not round a metallic core, which would take a 
more direct strain and immediately break. It is for this 
reason that rope makers generally twist their strands with 
six wires round a hempen core ; and thus, also, the strands 
themselves should be twisted round a central core of hemp. 
(See Plate X. fig. 2.) 

The nimiber of wires in each strand and the number of 
strands in a rope are limited by practical considerations. If 
too many wires are twisted round the hempen core, and too 
many strands round the central core, the cores themselves 
must be very large. 

And then the cores are compressed and torn by the wires 
which bear against each other as the rope gradually stretches, 
and this very soon destroys the strength of the cores, they 
fall into dust and are no longer of any use. M. Guillaume, 
of Cologne, and who was consulted hy M. Kraft on this 
subject, was of opinion that the number of wires in each 
strand might readily be sixteen, but should, on no account, 
exceed nineteen. A rope might thus be made of seven 
strands with nineteen wires each, or in-all 133 wires, but it 
would be better to reduce the number of wires in each strand 
to thirteen, and increase the number of strands to ten. It is 
a question, however, whether-it would not be even better to 
put less wires in each strand, more strands in each rope, and 
to twist several ropes together round a central core of hemp 
{cable laid) whenever the number of wires has to exceed 100. 
Would it not, for instance, be better to make a lai^e rope of 
six ropes twisted round a hempen core, each rope being made 
of six strands, and each strand of six wires, or, in all 216 
wires "i All the wires, all the strands, and all the ropes 
would thus be twisted to the same extent, the hempen cores 
would be as small, and the flexibility of the rope as great as 
possible. 

In our own case, however, we will suppose our rope to be 
made according totheplan usually adopted by the rope makers. 
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We shall see former on that the lai^e wires generally used 
by them are not here detrimental to the regular working of 
the ropes. If we were to have a rope of six strands and 
eight wires in each strand, in all, forty-eight wires, that would 
give for the section of each wire 795 square millimetres (0012 
square inch) or rather more than 3 millimetres in diameter, a 
very stout and stiff wire. 

If we were to have a rope of eight strands and eight wires 
in each, in all sixty-four wires, then each wire would have a 
diameter of 2'75 millimetres {O'l in.) 

Now, let us consider what will be the least diameter of the 
drum on which this rope could be wound so as not to damage 
it by the bending. 

It will be seen that the damage done to the rope by the 
bending is given by the formula — 

Where S =: diameter of each wire. 

M modnlns of elasticity of the metal. 

D diameter of the drum measured from the centre of the rope. 
/ tension of wire produced by the bending per unit of surface. 
<p the angle at the centre of the drum subtended by the bent 
portion of the rope. (See Plate X. fig. ?.) 

Then the arc a b (along the neutral axis) will be neither 
stretched nor compressed — the arc c d will be stretched — 
and ef compressed. 

The original length of all the wires will be — 



the length of the stretched portion will be— 
and, therefore, the elongation will be — 



and by the elastic law (that the tension varies at the exten- 
sion) — 



/=MJ 
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Now, the modulus of elasticity varies from 20,000 for iron 
wire to 27,500 for steel wire, and we can now proceed to 
determine the strain due to the bending which steel ropes 
can bear. 

In the case of running ropes of iron it is usual to consider 
that 18 kilogs. per square millimetre (39,690 lbs. per square 
inch) is the limit of strain from bending and from traction 
which iron ropes should stand. 

For steel, where the tensile strength is to that of iron, as 
ten to seven, according to the experiments made at Seraing, 

the limit should be -i- X 18 = 25-7 or, say, 26 kilogs. per 

square millimetre {57,330 lbs. per square inch) for bending 
and traction. As we have already determined 13 kilogs. per 
square milhmetre as the hmit of strain due to traction, there 
remain 13 kilogs. per square millimetre (28,660 lbs. per 
square inch) for the strain due to the bending. 

The initial diameter of the drum will now be easily calcu- 
lated from the formula — 

/= 27,500 X A 

If/ = 12'7 kilogs. D ^ C metres 
/= 13 kilogs. D = 5'8 moires.* 

These diameters are rather larger than those which the 
English have been led to adopt in practice ; for they employ 
an initial diameter of drum of 4'50 metres (14 ft. 9 in.) for a 
rope weighing from 2'24 kilogs. to 2'48 kilogs. per running 
metre rtrom 4-9 lbs. to 6-46 lbs. per running yard) at the Cali- 
fornia Pit of the Wigan Coal and Iron Co. and at Clifton Hall, t 

• According to Karmarsli, the absolute atrength of & steel wire ia given by 
aS-|-/38S. 

Where S = diameter of wire, a = 21 and j3 = 50 for steel ; and hence the 
strengthof a wire 2'75 millimetres in diameter will be 436 kilogs. or 73 kilogs. 
per Equare miUimetre (161,000 lbs. per square inch). 

It will, therefore, be seen that if we strain a wire by traction and torsion 
np to 26 kilogs. per square millimetre, this strain amounts to aboat one-third 
of the absolute strength. 

+ It is to be noted that these resulta are not absolutely correct, because 
eaoh wire does not wind round the outside of the drum, but describes a, helix 
as it is wound round it. It ia well known that the greater the torsion of the 
wires, the stiffer is the rope ; in other words, the longer the pitch of the helix 
described by each wire the more perfect is its flexibility. I'or .the wires, 
which are twisted round a hempen core, more nearly approximate in length 
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We shall see, further on, that these large diameters have 
not only the advantage of increasing the life of the ropes, but 
also of giving the cages a high velocity without employing a 
high piston-speed. 

We will now calculate the final diameter and the shape 
which a drum must have in order to produce a constant 
moment of resistance. 

Gerstner was the first {in his " Handbuch der Mechanik ") 
to give the mathematical theory of a drum to produce a con- 
stant moment of resistance. When the rope is uniform in 
section, the drum is conoidal, and has for a generator an S 
curve, instead of a straight line. 

M. V. Dwelshmivers-Dert/ has lately produced (see. the 
Revile Universelle, vol. xxxi.) the same form of drum 
as Gerstner, for counterbalancing ropes of a uniform 
section. • 

These interesting investigations, however, are not appli- 
cable to a rope tapering each 100 metres, as we have assumed, 
nor to a continuously tapering rope. In that case we should 
have to adopt calculations and integrals of a very compHcatcd 
character. 

What we want, above all, to know here is this : is it 
possible for round steel ropes to work in practice under the 
special conditions we have assumed ? With this view we 
will consider now, what is the Jinal radius which will give us 
at the lift of the load a moment equal to the mean moment 
of the useful load ; that is to say, equal to the product of 
this load multiplied by the mean radius of the drum, at the 
moment when the cages cross, and when the dead weights 
equalise each other, and the useful load only bears upon the 
mean radius. 

Let r = the initial radius, II = the final radius, then the 
mean moment = the useful load — 

to that of the core as the torsion is lesa or the pitch of the helix greater. It 
ia necessary, therefore, that the hemp core shonid be stout enongh, and that 
the nnmber of wires shonid be great enough, so that the torsion of the wires 
should be reduced to a minimnm. It is thus that it appears that the values 
for the diameters of drams (5-8 metres and 6 metres) are the least which 
should be employed, and.that these quantities are the more nearly correct 
the less the torsion of the wires in each strand, and of the strands of each 
rope, become. We have adopted, therefore, for greater security, 6 metres 
(19 ft. 8'2 in.) as the least diameter for drums. 
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At the lift of the cage the moment of the resistance will 
= r X {total load) + the weight of the rope) — R X (fixed 
load) = r X (3100 + 1964-6) — E X 1500.« 

If these moments be equal at " meetings" and also at the 
bottom, then — 

5-±i; X 1600 = r (3100 + 19646) - R x 1500 

800 R + POO r = 5064'6 r - 1500 E 
R (800 + 1500) = r (5064-6 - 800) 

2300 

If these moments be equal at meetings and at the landing 
of the cage we get in the same way E = 1*85 )■. 

If r = 3 metres, R = 555 metres, and the mean moment 
equal 6840kilogs. (49,47468 foot-pounds).t 

Between these two radii the rope must wind itself on the 
drum in a spiral form, the drum being of a conoidal shape 
approaching in practice to the theoretical drum. 

It is evident that these drums will have to be of enormous 
size when the pits are very deep. It is not, however, im- 
possible, if they are built of wrought iron, to give them a 
solidity and lightness sufficient for all practical purposes. The 
largest drum that we met with in 1866 in England (which 
was at Clifton Hall) had its largest diameter 750 metres 
(24 ft. 728 in.) and its form was not conoidal but half 
cylindrical, half conical. Between the smallest diameter, 
4'50 metres (14 ft. 9*16 in.), and the largest diameter, the 
rope was wound along a spiral and made nine complete 
revolutions ; it then was wound nine times round the cylinder 
of 7'50 metres diameter. It wound coal from a depth of 
388 metres, ,and had worked to as great a depth as 486 

• We liave seen before that the w^ona, cage, and coal weigh altogether at 
oni' colliery 3100 kilogs. We have also fonnd tha,t a i"oand rope 700 metres 
long, weighs altogether frc«n 19S0 to 1960 kilogs. 

t It will be obaerved here that if we use big drums we shall be obliged to 
nee large cjlinders and powerful engines. In order to lift the load with one 
rope alone, the engine will have to be calcnlated to exert a power of 15,194 
iilogrammetres .(109,900'33 foot-ponnds) or more than dontle the mean 
power of 6840 kilogrammetrea. We shall see further on, that by using aloea 
ropes, we shall be ablqto reduce the mazimnm power of the en^e to 9763 
kilogrammetres. 
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metres. To do this the rope was wound four and a-half 
times more round the cylindrical part of the drum. I have 
already observed that since that time more lai^e drums have 
been used for great deptlis, in spite of the enormous sizes of 
the winding engines consequent upon this. 

At the Saarbrtick mines they have a conoidal drum, on 
which the round rope is wound from an initial diameter of 
4-90 metres ; it makes nineteen complete turns on the spiral, 
and works up to a final diameter of 8'89 metres (29 ft. 2 in.) 
They wind from a depth of 4125 metres (1353'47 ft.) In 
the Ruhr coal basin they use wrought-iron drums whose 
largest diameter is as great as 10 metres (32 ft. 97 in.) So 
far as the construction is concerned it is then possible to' 
have drums up to a diameter of 10 or 12 metres (up to 39 ft. 
4*45 in.) The high price of these drums is compensated to 
a large extent by the economy which can be realised in the 
wear of the ropes, for it must be recollected that round steel 
ropes are twice as economical as flat steel ropes, and three 
times as economical as aloes ropes. For if we assume that 
an aloes rope worth 7653 fr. will be used every year for this 
purpose, it will be evident that it ■\vill be possible to save 
about 5000 fr. a year, and this will correspond to a capital 
invested of 50,000 fr. at 10 per cent. ; that is to say, to a sum 
much larger than the whole cost of an enormous wrought-iron 
drum, or even a steel drum, as well as the cost of the greater 
size of the engine. We must also add to this the saving of 
coal by means of counterbalanced drums. 

As for the trouble which the enormous momentum of this 
drum would cause, it must not be feared. If the drums 
themselves arc a great weight they carry only two ropes 
which are not heavy (4000kilogs.), and only turn with a 
relatively small angular velocity ; whilst we are really turning 
round at a great angular velocity two ropes which weigh 
between them 16,000 kilogs. without considering the weight 
of the drums or fly-wheel. Moreover, there are at this 
moment in the Ruhr coalfield, drums of 10 metres in diameter 
which are working in practice without trouble, on account of 
the vis viva stored up in their masses. 

We have now to consider what horizontal space will be 
necessary for the rope in the case of a scroll-drum with an 
initial diameter of 6 metres, and a final diameter of 11*10 
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metres. We must first calculate the number of turns that 
the rope will take on a drum such as this. The number of 
turns may be found by dividing the depth of the pit by the 
circumference, whicli corresponds with the mean radius of 
the drum. 

hlllO_ 



This mean radina = = 4-275 metrca. 

The circa inference = 26-86 metres. 
The number of tnms = 



_ 70Q _ 
" 2t;'85 " 



We will consider the horizontal distance corresponding to 
this number of turns. The mean diameter of the rope itself 
■will be that of a rope weighing 275 kilogs. per running metre. 

The Bection will be ■■ ■■— X s = 313 square millimetres. 

This would he equivalent to fifty-six wires each 2'75 milli- 
metres in diameter, say eight strands of seven wires each. 
The diameter of this rope is given by the formula — 



d = 8 



C^*) C^^j) 



Where » =: tlie number of wires in each Btrand 
jt' = the number of Btrantls.* 

• This formula ia freqnentlj used in all calculations about metallic ropeg, 
and is thus arrived at— (Seo Plate X. fig. 8, which represents the n wires of 
one strand.) 

Lot 8 = the diameter of one wire 
d ^ „ „ the strand 

)( = the number of wires in the strand. 
Then it ia evident that — 

to express oh ia terms of S and n in the triangle ocb 

CO or^ = oiam. p 

8 , . X 

or - = oi sin. - 
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■whence 

Now Bin. ^ = Bin. 85° 4ff = 0>433 
7 

and Bin. 1^ = ain. 22° 30' = 0-38268 

From tbia the reantt is </ = 32-83 millimetres 

= Bay 33 millimetres {1'299 in.) 

and we have already found that the number of turns on the 
drum would be twenty-six. 

^e must now consider the necessary size of each groove 
of the spiral, so as to carry safely a rope 33 millimetres in 
diameter {1-299 in.) 

On each turn of the spiral on the drum {see Plate X. fig. 3) 
a groove must evidently be made, iu which the rope will rest 
with a certain small amount of play. This can scarcely be 
less than 5 millimetres (0-197 in.) A piece of plate iron at 
least 8 millimetres in thickness {0'315in.) is riveted on to 
the drum, so as to form one of the sides of this groove. It 
is a good thing to give a curved slope to the edge of this 
plate so as to make the rope rest more securely in its groove. 

According to this, the horizontal distance which must exist 
between the centre line of two consecutive grooves, will be 
on the average 46 millimetres {I'Sll in.), and the vertical 
distance 102" millimetres {4-016 in.) Each drum containing 
twenty-six turns will then be 1-20 metre {3 ft. 11-2 in.) 

and substituting this value in the equation ahove^ 
d = 






and, further, if we were to consider each of the v! strands of the rope ae one 
wire, we should arrive at the following expression for the diameter of the rope — 
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broad ; and the brake which is placed between the two drums 
will tate up a width of 30 metre (11 81 in.), so that the 
whole width of the double drums will be 270 metres 
(8 ft. 10-3 in.) 

The horizontal distance between the centre Unes of the 
two head-gear pulleys is at the drawing shaft at Newville 
pit 1*40 metre (4 ft. 7"11 in.) ; and, therefore, the centre line 
of the smallest groove of the spiral, that whereon the first 
turn of each rope is wound is '65 metre (25'59 in.) from the 
centre hnc of the pulley, and the centre line of the largest 
groove is '55 metre {21 -66 in.) on the other side of the centre 
Une. 

It has been estimated that in order that a round rope may 
not lie dangerously askew to the line of the pulley the 
farthest point of it should not lie farther horizontally from 
■ the plane of the pulley than one-fiftieth part of the distance 
from the axis of the drum shaft to the axis of the pulleys. 
If, then, the greatest distance from the plane of the pulley 
be '65 metre the highest point of the smallest groove of the 
drum must be 3250 metres (106ft. 7'55in.) from the axis 
of the pulleys. Unfortunately the position of things on the 
pit bank at Newville would only allow of a horizontal distance 
of 15 metres (49 ft. 2-56 in.) between the axes of the pulleys 
and the drum. The difference of the two vertical heights 
also had to be 10 metres, (32 ft. 9*7 in.) so as to give a distance 
of 16 metres from the bank to the axis of the pulleys and 
6 metres to the axis of the drum. We adopted pulleys whose 
radius was 3 metres (9 ft. lO'll in.), and, therefore, the dis- * 
tance from the summit of the smallest groove of the drum to 
the summit of the pulleys was only ^15^ + lO'^ = 18 metres 
(59 ft. 067 in.) The distance, then, from the drum to the 
pulleys was about one-half what it should be that a round 
rope might run with ease. With a distance of only 18 metres 
the rope would inevitably cut itself against the sharp edges 
of the grooves at the one side of the drum, and run out of 
the grooves on the other side. This is just one of those 
troubles which arise when drums such as these are put up 
without a sufficiently careful design. We shall, therefore, 
make the case more clear yet, by indicating a method where- 
by the necessary distance of the drums from the pulleys can 
be calculated with greater accuracy still. 
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Let US assume the smallest groove of the drum to have a 
radius of 3 metres, and determine the necessary distance of 
this groove from the pulley, in order that the rope may never 
cut itself against the sharp edge of the grooves — in other 
words, that the rope may only just touch the edge when it 
leaves the drum. 

We must first determine the point n (Plate X. fig. 5) where - 
the round rope will leave the edge of the first groove of the 
drum. 

This groove will have as its radius o n, and which is 3 metres 
.+ the height, hq or pm, of the side of the groove against 
which the rope will rub. This height of the side of the 
groove will be equal to the vertical distance between the 
centres of the ropes in two consecutive turns of the groove 
+ the height of the side above the centre of the rope. This 
will be ^th of the difference between the greatest and smallest 
radius (2-55) + -010 = -102 + -01 = -1X2. 

The distance m « at which the rope will first leave the 
drum will be given by the formula 

X^ = 3-1122 - 3^* 

= -6845 
X= -827 metres (2ft. 8'56 in,) 

■ Noy, let us investigate what actually happens in each groove. 
It is essential that the rope should not be at all bent on 
leaving the drum, in other words, that its course from the 
top of the drum to the pulley should be one straight line. 
If a is the point where the rope is tangential to the drum 
(see Plate X. fig. 5) o the point where it leaves the edging of 
the next groove, e the point where it touches the pulley, ttien 
the hnc ace must be a straight line. It is necessary for this 
that the triangle e da (where a d m equal to the whole hori- 
zontal distance of the rope from the centre line of the pulley, 
and de the distance from the centre of the drum shaft to the 
centre of the pulley) should be similar to the triangle cba 
where e b represents the distance X (=-827 metres) and a b 
the play that the rope has in its groove. 
In other words, it is necessary that — 

ah _ ad 
hade 

We know that— 
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ah = -0025 „ 

The distance d c will then be — 

_ad-x.he 



It is necessary, therefore, that tlie pulley should be distant 
from the drum 216 metres (705 ft. 47 in.) in order that the 
rope should not be bent against the sides of the grooves. 
This bending of the rope, if it were to any considerable 
amount, would be certain to wear it out. Now let us examine 
what must be the distance from the drum to the pulley in 
order that the rope should not tend to jump out of its groove 
and slip down the drum when it has passed on to the other 
side of the centre line of the pulley. 

We must first consider the last groove of the drum which 
is the farthest removed from the centre line of the pulley 
(say '55 metre). The distance at which the rope will touch 
the side of the groove, will be easily obtained as before by 
considering that this distance is one of the sides of the right 
angle of a right-angled triangle, and that the other side of the 
right angleis the radius{5'55metres)of thisgroove of the drum, 
and the hypothenuse is equal to this same radius 5'55 -f the 
height (•01 metre) of the groove above the centre of the rope, 
in aU 5 '56 metres. This distance— 

= v/6-56^ - 5-55= ' 

= -.tSSS metre (IS'll in.) 

We may calculate as before the necessary distance from 
the drum to the pulley in order- that the rope should not be 
bent by the side of the groove which is put there to prevent 
it from slipping oft'. We have — 

2x5 _550 
333 X 5 y 
1/ = 73'30 metres (240ft. 5'88in.) 

It would, therefore, be advisable, in order to avoid acci- 
dents, to give up all idea of using scroll drums like those used 
in England and in Germany. 

It was on this account that we were led to go back again to - 



n> 000^^10 



METHODS OF COUNTERBALANCING ROPES. 43 

rope rolls and flat aloes ropes. We shall give, further on, the 
calculations that we made for this purpose. We were, how- 
ever, in writing this paper, induced to make still further 
researches into the question of drums ^ and we think now 
that we have arrived at a complete solution of the question. 

It easily follows from what has gone before, that if instead 
of reducing the total play of the rope in its groove to 5 milli- 
metres, we should increase this play to 10 millimetres (say 5 
millimetres on either side of the rope) we should then want 
107 metres distance between the pulley and the drum, in 
order that the rope should not be bent by the sides of the 
grooves ; and 36"60 metres in order that the rope should not 
fly out of the grooves. 

Each-drum, then, would have to be 1-326 metres instead 
of 1-20 metre. 

It will naturally be assumed that in order to reduce as 
much as possible the breadth and the size of the drum, we 
must give only so much play to the rope as is absolutely 
necessary. It is thus that the groove which is exactly in the 
centre line of the pulley, need only have 2'o millimetres' on 
each side of the rope ; and as the rope is wound upon the 
drum and gets farther from the centre line, it will be neces- 
sary to increase the amount of play in the groove propor- 
tionately to the obliquity of the rope. In other words, the 
rope should, on either side of the centre line of the pulley be 
wound along a helix whose pitch increases in proportion to 
the obliquity of the rope. The sides, also, of each groove 
should have such a slope as to induce the rope to be wound 
on or off the groove without being bent at all. 

We are thus naturally induced to reverse the problem and 
to determine the dimensions of a scroll drum which will 
satisfy the condition that the rope shall wind easily on and 
off" it for a given distance from the drum to the pulleys. 
Let us take, for instance, our own distance, 18 metres, we 
must determine the amount of play which must be given to the 
rope on each coil successively, according to the distance from 
the centre line of the pulley. We wiU begin with the largest 
coil, that nearest to the brake. We know abeady that there 
is a space of '55 metre between the edge of the brake and 
the centre line of the pulley, and throughout this distance the 
obliquity of the rope tends to make it slip down the drum. 
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Now, let US consider what slope must be given to the edge 
of the groove of the largest coil in order that the rope may 
not touch it. 

The shortest distance between the rope and the edge of 
the groove (to which we must add play to the amount of 2-5 
miUimetres, or, in other words, the horizontal projection of 
the slope of which we have just been speaking {which we 
^viU call x) may be calculated by the equation — 
X _ 524-7 
333 18000 

Here 333 represents the distance in millimetres which 
exists between the point where the outside of the rope quits 
the bottomoiihe groove, and the point where it quits %\ieedge 
of the groove. 

5247 represents the horizontal distance (in miUimetres) 
from the centre line of the rope to the centre line of the 
pulley-wheel (and observe that the diameter of the rope in 
this coil is 29'6 milUmetres, and the distance from the centre 
line of the rope to the brake-drum is 25-3 millimetres). 

18000 is the distance in millimetres from the drum to the 
pulleys. 

From this — 

X = 10 millimetres. ^ 
Similarly for the next coil — 

. g _ 472 
330 18000 
whence 

X = 8'6 millimetre^ 

and so on to the twelfth coil, where the play required will be 
only 2-5 millimetres, and this we shall take as the minimum. 
On the other side of the centre hne of the pulley (which 
cuts the drum at a point distant 1-6 millimetres from the 
edging between the eleventh and twelfth coils) the least dis- 
tance {x) from the side of the rope to the edge of the groove 
must be deduced from the equation — 

V x' + 16-6 .„. , 

- = — ~ miUmietrea 

y 1800O 

whence 

V _ y X 16'6 
18000 - 1/ 

Here y = the distance at which the rope touches tlie edge 
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of the groove, ;r' + 166 = the least distance from the centre 
of the rope to the edge of the groove, to which distance we 
must add 2-5. millimetres of play. 

Thus it will be found that the centre line of the first coil 
is distant by 18'4 millimetres from the centre line of the 
pulley — and hence for the thirteenth coil — 



y 18000 

and so forth. 

We have arranged in the accompanying table the different 
data for determining the size of each coil, beginning with 
the largest coil of the drum. 

We should by these data produce a drum 353 metres 
broad, including -30 metre for the brake ring (see Plate X. 
figs. 6 and 7). 

It is evidently a very practical design, particularly for a 
distance of 18 metres between the centres of tlie pulleys and 
drum. 

It will be seen then that the question of counterbalancing 
roimd steel ropes by means of scroll drums is completely 
solved, especially if it be granted that the distance from the 
pulleys to the main drum-shaft is generally as much as 20 
metres and often as much as 30 metres. 

An objection may be urged to this drum, that it will be 
very difficult to build. This is true. But when once the 
calculations have been made for each coil, it takes but small 
additional trouble to build from them above building au ordi- 
nary scroll-drum. If grooves can be built upon a helix, with 
straight sides, it is not impossible to build them with sides 
which splay more and more as they get farther and farther 
from a certain vertical plane. Moreover, this difficult con- 
struction possesses so great advantages that its difficulty 
must not be considered an insuperable obstacle. 

For by this means round steel ropes may be used which arc 
three times as economical as flat aloes ropes, and one and 
a-half times as economical as fiat steel ropes. Moreover, these 
round ropes may thus be placed in the very best conditions 
for their economical working. 

By employing high edges to the grooves we can prevent 
the ropes from slipping down the drums, an accident which 
sometimes happens in England and Germany, where they use 
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conical drums, or spiral drums with the edgings not standing 
up above the centre of the rope. When the rope slips down 
the drum the cage drops suddenly to such an extent that it 
generally causes either the rope or the cage-chains to break. 
One can scarcely imagine*without a shudder what would be 
likely to happen if there were men in the cage. 

The wear of the ropes when each coil of the rope lies in a 
groove which follows the natural lead of the rope itself is less 
than when it is wound on a plain cyhndrical or conical drum, 
where, on account of the lateral deviation, the wires of the 
ropo are tightly compressed one against the other, and wear 
each other by the friction and the bending of the rope which 
■ is induced. This destruction of the ropes on account of the 
lateral friction which results from one coil bearing against 
the other, has forced the manager of No. 1 Colliery of Levant 
d'Elouges to give up altogether round steel ropes in spite of 
the large diameter of the drum. It is necessary, to prevent 
the rope from being worn out too much by this winding of 
coil against coil, to place the pulleys sufficiently far off the 
drum, and that the pit should not be too deep, so as to 
necessitate too large a drum. A special drum is the only one 
which will enable the foregoing ropes to be thoroughly 
counterbalanced. 

CoNicAi Drum. — By winding the rope up with each coil 
touching the next the whole thickness of the edgings of 
the grooves is gained, and the lateral displacement is dimin- 
ished to the same amount. This advantage, however, is 
gained at the cost of the counterbalancing of the ropes and 
their longer wear. We have seen before that in order to 
counterbalance the ropes for a depth of 700 metres it is 
necessary to employ a conical drum whose smallest radius 
shall be 3 metres {9 ft. 10'llin.)and the largest 5'55 metres 
(18 ft. 4-5 in.) 

Under these circumstances, a plain conical drum is no 
more applicable, first, because the slope of the surface of the 
drum would thus be heavier than 45°, and would cause the 
rope to slip down to the bottom of the drum, and secondly, 
becaxise the length of the rope (700 metres) is not sufficient to 
enable the smallest radius, 3 metres, to pass easily to the 
greatest, 5'55. 

Therefore, the plain conical drum will not answer for great 
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depths and for ropes so constructed as to necessitate a large 
radius of the drum. 

Spiral Truncated Drum. — It is, therefore, necessary to 
employ a drum with a spiral groove. To diminish, however, 
the great centre of the drum, the spiral has been sometimes 
truncated at the point corresponding to " meetings " as we 
have before explained in reference to CKfton Hall Pit. The 
rope begins by being wound up a spiral and then is wound 
along an ordinary cylindrical drum, in such a manner that 
both the ropes are wound on to the cylinder at the moment 
of the " meeting " of the cages so as to produce equilibrium 
at that time. The ropes are now no longer counterbalanced 
at starting, nor for some distance from that point ; on the 
other liand, the rope is allowed to wind coil against coil, and 
the thickness of all the edgings is gained in the lateral dis- 
placement of the rope. 

To make this more clear, let us take an example ; let us 
see how such a drum as this would work, to wind from a 
total depth of 700 metres (766 yards). 

The useful load 1600 kilogrammes (3528 lbs.) of coal. 
The cage 900 „ (1985 „ ) „ 

Four trams 600 „ (1323 „ ) „ 

Total 3100 „ (6836 „ ) „ 

We will assume that the rope is to taper every 100 metres 
as before, that the initial diameter shall be 6 metres, and the 
final diameter of the spiral and of the cylindrical part of the 
drum 10 metres. The mean diameter of the spiral will then 
he 8 metres, and its mean circumference 25-12 metres. If, 
then, the rope takes only ten turns on the spiral, or say 
251*2 metres, it will be necessary to give it rather moi'e than 
fourteen turns on the cylindrical part (439'8 metres) in order 
to wmd the whole 700 metres on the drum. 

Now let us see what will be the horizontal displacement of 
the rope. 

The fourteen turns on the cyhndrical part of the drum 
would only occupy '45 metres at the most, for the mean 
diameter of the rope throughout this portion is 32 milUmetres. 
The breadth of the spiral portion will be ten times that of 
one coil, or ten times (8 millimetres + 35 millimetres) = 10 
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X 48 millimetres = '48 metre. Each drum will then be -QB. 
metre broad ; and ike total breadtb of the two drums and 
brake will be 2'16 metres. 

The horizontal distance between the two pulleys is 1 40 
metre, and, therefore, it is evident that the smallest coil of 
the spiral is distant -38 metre (Ift. 2'96 in.) from the vertical 
plane of the pulley, and the largest coil adjoining to the 
cyUndrical part of the drum is distant -1 metre (3-93 in.) front 
the same plane. 

For a distance of 'SS metre between the last coil of the 
spiral and the vertical plane of the pulley, it is necessary, in 
order that the rope should not be bent by the vertical side 
of the groove, that the pulley should be at a distance from 
the drum given by the formula— 

:5?^ = i26„.i„.. 

In order that the rope upon the largest coil of the drum 
should not tend to slip off it, the pulley must be at a distance 
given by the formula — 



The last coil of the rope which is wound upon the cylin- 
drical part of the drum close to the brake ring will be distant 
from the centre line of the pulley by '55 metre {1 ft. S'GS in.) 
and on this account it will press against the next coil, will 
rub a good deal against it, and become rapidly worn out. It 
is evident, then, that a drum with a truncated spiral does not 
place the part of the rope which is wound on the cylindrical 
portion of the drum in good condition so far as wear is con- 
cerned ; and that when the sides of the spiral groove are left 
vertical the pulleys should be as far- off from the drum as 
104-83 metres, in order that the rope should not be destroyed 
by being cut against the side of the smallest groove. 

The spiral portion should, therefore, have agroove with sides 
sloping proportionally to the lateral displacement of the rope. 

Why, therefore, should we adopt a truncated spiral, and 
by this sacrifice to such an extent the counterbalancing of 
the ropes. 

This is the last point that we need consider with regard to 
this question. 
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For a depth of 700 metres tlie moment of the moving force 
must be— 

1. At the lift (1965 + 1600 + 1500) 3 - 1500 x 5 = 7695 kilt^ram- 
metres (= 55,657 foot-pounds). 

2. At meetings 1600 X 5 = 8000 Mlogrammetrea (= 57,864 foot-pounds). 
S. At the landing (1600 + 1500) 5 — (1965 -|- 1500) 3 = 5106 kilo- 

grammetreB (= 36,924 foot-pounds). 

It will appear from this that a drum with a truncated 
spiral will not be a satisfactory solution of the problem of 
winding coal so as to preserve the ropes, and produce a con- 
stant moment of the moving force. 

It will be far better to adopt a drum with a continuous 
spiral, with a slope in the edging of the ^*oove proportional 
to the lateral displacement of the rope from the centre Une 
of the pulley. 

Cylindrical Drum. — The advantage of a cylindrical drum 
is that the whole rope is wound coil against coil, so that 
the lateral displacement of the rope from the centre line of 
the pulley is reduced to a minimum, and so the wear of the 
rope from friction is as little as possible. 

Moreover, the whole rope is wound upon a drum of one 
(maximum) radius, so that its wear, due to the bending, is 
reduced as much as possible — as, also, arte the number of 
turns of the engine in each run. It is well known that in 
order to draw coal from a certain depth it is important to 
diminish the number of turns of the engine, and not to in- 
crease too much the speed of the pistons. Since all the 
moving parts tend to get loosened, on account of the action 
of the steam, first in the one direction and then in the other. 

Cylindrical drums, however, have always one great fault, 
which is that they do not counterbalance the ropes, and, 
therefore, necessitate enormously heavy engiiies. Let us, 
in order to prove this, take our own case of drawing from a 
depth of 700 metres, with a cyhndrical drum of say 8 metres 
diameter. 

The circumference of the drum will then be 25'12 metres, 
and the 700 metres of rope will correspond to twenty-eight 
turns of the engine. 

The rope would take up a width of 92 metre on the drum, 
so that if the centre line of the pulley were placed in the centre 
of this distance the lateral displacement of the rope would 
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be reduced to 0-46 metre (1 ft. 611 in.) This would, therefore, 
make the rope in a good condition so far as wear is con- 
cerned, even if the instance from the drum to the pulleys were 
as little as 18 metres. 

We will now calculate what will be the action of the 
moving force at the lift at meetings, and at the landing of the 
cage. 

1. At the lift the force wonld be equal to (1965 + 3100) 4 - 1500 x 4 = 
14,260 kiloinetres. 

2. At " meetings " 1600 X 4 = 6400 kilometres. 

3. At the landmg 3100 x 4 (1965 + 1500) 4 = - 1460 kilometres. 

It is evident then how much the movii^ force must vary, 
for, assuming that we can get out of a winding engine worked 
expansively a useful effect of 60 per cent., it is seen that we 
should have to exert at the beginning of the run a force of 
23,766 kilogrammetres {171,899-5 foot-pounds) which would 
fall down to 16,667 kilogrammetres (120,552-4 foot-pounds) at 
" meetings " and finally become a back pressure at the end of 
the run of 2433 kilogrammetres (17,598 foot-pounds). With 
a spiral drum we should only have to develope throughout 
the whole run a constant force of 

1600. kilos. X 4-275 metres >« ^ = H.^OO kilogrammetrea 

(82,422 foot-pounds.) 
In M. Lucien Guinotte's plan of variable expansion the 
effect of the steam can be varied proportionately to the re- 
sistance of the load by making the grade of expansion increase 
accordingly. When the point of no admission is reached, the 
piston makes its own vacuum behind it, and is retarded by 
tiie pressure of the air in front. If, during this negative part 
of the run, steam is no more admitted to the cylinder, and, 
therefore, no more wasted, it is none the less true that it had 
been necessary to employ at the beginning of the run a rela- 
tively greater amount of power, and that it was now necessary 
to destroy this at the end of the run by the back pressure of 
the atmosphere. As soon, therefore, as an engine is made to 
produce a negative effect, it is no longer made to work 
according to a rational plan. Moreover, it is necessary that 
an engine should work up to its full power, in order that its 
usefid effect should not be too much reduced, by the effect 
of the frictions which belong to any engine moving in vacuo. 
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It will not be possible to obtain in this way all the economy 
of fuel which will be desired, and this is the principal point to 
be looked after. 

The conclusion is that the moat satisfactory form of drum 
for the economy of wear of ropes and coal, is the spiral form, 
designed ui such a way, that the pitch of the spiral and the 
inclination of the edgings of the grooves increase propor- 
tionally to the horizontal displacement of the rope on either 
side of the vertical plane of the pulley. 

Size of the Steel Wires.— All that has gone before on 
the subject of round steel ropes has been based upon the use 
of steel wire of a diameter of 2'75 millimetres (0108 in.) 
If ropes were used with much smaller wires it would be 
possible to reduce considerably the diameter of the drums. 
Now, a very usual size of wires with us is 2'2 millimetres or 
No. 14 gauge. If the rope were made with 7 strands it would 
be found that we must have twelve wires in each strand, to 
get a mean section of 319 square millimetres. The diameter 
of the rope would then be 36 millimetres. If, then, the smaller 
diameter of the wires allows us to use a drum, whose smallest 
diameter is 5 metres, and largest diameter 9'25 metres ; that 
is to say, if it permits us to diminish the drum to this extent, 
it obhges us, on the other hand, to make it broader, on 
account of the increase of 3 millimetres in the mean diameter 
of the rope. . The breadth of the drum will be more than 
4 metres. It will then be better to use , wires pretty stout, 
as they have in England. It would be necessary to consider 
in each particular case what will be the best way to make 
the rope, and the best dimensions for the drum.* 

• The reduetioii of tlie diameter of tbe wires will render it possible to 
coDDterbalance, and also not to wear out the ropes, by the use of conical 
drams of smaller dimensions, whenever there is anfficieut distance between , 
the engine and the pit top. Thus if a ropo wore made whoBO mean weight 
was 2-?5 kilos, per metre, and consisting of 216 wires, each of 1'5 millimetre 
in diameter, viz., sis ropes of Six strands of six wireR, the result would be a 
rope of rather lai^e diameter, say 40"5 millimetres (1"594 in.) The smallest 
diameter of the dmm might then be rednced to 3-25 metres (10ft. 8 in.) 
The final diameter for connterbalancing these ropes wonld be 6 metres (19 ft. 
8'2 in,) Moreover, if this rope, with a Sameter of 40'5 millimetres, were 
wound npon a conical dram, with a slope of 45°, as in the case of the California 
pit, this rope would reach in a length of 700 metres exactly froni a diameter 
of3'25 metres to a diameter of 6 metres. In this way, we shonld attain at 
one time the counterbalancing and the small wear and tear of the ropes, witt 
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It is even possible that spiral drums and steel ropes of very 
great strength may contain the solution of the problem of 
drawing coal from a depth of 1000 metres (1094 yards). 

Conclusion. — Spiral drums, when the pitch of the helix 
increases with the horizontal deviation of the rope, permit 
the use of round steel ropes for a depth of 700 metres, and 
then produce an economy in the wear of the rope, and in the 
fuel, which is so great as to repay the very high cost of the 
drums themselves, and of the special engine which they 
necessitate, in a few years. 

MEANS OF COUNTERBALANCING FLAT " 
STEEL ROPES. 

Let us assmne the case of a flat steel rope which tapers 
each 100 metres. We can scarcely hope, in the present 
state of the manufacture of ropes, to get uiem tapering more 
than this. It will even be necessary to improve the manu- 
facture to produce this result. 

The universal method of counterbalancing flat ropes is by 
making them wind upon themselves on rope-rolls. 

Let us enquire what is the smallest radius which is possible 
for winding the inmost turn of the rope (and, therefore, the 
thickest) that which weighs 5*175 kilogs. per running metre 
(10"4 lbs. per yard). 

Suppose that the rope is made of sis ropes each having 
thirty-six wires, or, in all 216 wires. 

The maximum weight of the rope being 5-175 kilogs. per 

metre, will correspond to a section of J ^- X ^ = 589*7 

7*8 9 
square millimetres (0*913 square inch), 

but email diameter of dmms. In order, however, to wind forty-eight turns 
of each rope, and also to have a brake-drnm in the centre, the whole drum 
mnat be S-06 metres in breadth. And in order to enaiire the rope winding 
properly on to the drnm, it wonld be necesaary that the engine should be 
distant from the pit at lea^t 50 times the horizontal deviation of the rope 
from the centre line of the pulley. That is, 50 X ^BS = 415 metres, for the 
smallest coil of the rope. Snch drums as this, then, wonld not do in our own 
case, where there is only 18 metres distance between the pit and the engine 
shaft". Wherever there is sufficient distance between the engine and the pit, 
it will generally be possible, by judiciously proportioning the diameters of 
the drums, and the variation of the grades of expansion, to prodaoe asolntion, 
not perhapH perfect, bnt, at any rate, praoticable, of the problem of winding 
from a great depth. 
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Dividing this section by the number of wires (216) we find 
that the section of each wire must be 2*73 square millimetres 
(0'0043 square inch), and, therefore, its diameter 1 -87 milli- 
metre (0'073 in.) This is between No. 12 and No. 13 wire 
gauge. 

The last length of the rope would only weigh 2'983 kilogs. 
per running metre (6 lbs. per yard), and would only have 
339-95 square millimetres. (0527 square inch) of section. 
This corresponds to 162 wires of 1-87 millimetre diameter 
or twenty-seven wires per rope. 

Now, it is necessary that the diameter Di of the barrel of 
the rope roUs should be such that the strain due to the 
bending of the steel should not exceed 10 kilogs. per square 
millimetre of section.* 

This must be obtained from the formula — 



Whence DJ = 5*14 metres, if S = 1*87 millimetre, and 
the modulus of elasticity = 27,500. 

The diameter (D2) of the last coil of the rope may be 
deduced from the formula — 

ld = ^iD\-D,^) (1) 

where I = the length of the rope (say TOO metres) 
and d = the mean thickaesa of the rope. 

This thickness d must be the mean of the thicknesses of 

• According to Karmash, the absolute reaiatance of steel wires ia given 
by the formnla — 

where a = 21 
= 50 

S = diameter of wire. 
If 8 = 1-S7 millimetre, the reaiatance of the wire will be P = 214 Hloga. 
(472 lbs.) As thia wire haa a section of 2'75 millimetres, it is evident that 
each square millimetre will carry 77 kilogs, (170 lbs.) withont fracture. We 
have assumed that the steel wire of a flat rope ought not to be strained with 
more than 10 kilogs. per square millimetre of section, and wo shall, therefore, 
assume that it must not be strained with more than 10 kilogs. by the bending. 
In the case of round ropea we have assumed that stee! wire could be safely 
made to stand as much aa 13 kiloga., aa well by the bending aa by the working 
load, because the wire ia not weakened by the stitching, aa in the case of a 
fla,t rope. In the case of flat ropes, the total strain of the wire will then be 
20 kilogs., or a quarter of its total strength. 
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the first and last coils of the rope. The thickness of each of 
these coils is the same as the diameter of the ropes of which 
they are made. This diameter will be deduced, as we have 
done before in the case of round ropes, from the formula — 



'C^^ C^^) 



in which w = the nnmber of wires in eact strand. 
It! = number ol strands in each rope. 

It will thus appear that — 

d = 15 millimetres at the top. 
^ 11 '4 millimetrea at the bottom. 

The mean diameter will then = ^ = 13-2 millimetrea (0'520 in,) 

From which we can calculate by means of equation (1) 
above, Dg =: 618 metr-es. 

We will now consider the condition in which the engine 
will work, or in other words how nearly the ropes will be 
counterbalanced with these two diameters. 

At the " lift " the mpment of the power will be — 

(3100 + 2797) 2-57 = 1500 x 3-09 = ll,a41 kilogrammetres 

(81,995 foot- pounds). 

At the end of the run the moment of the power will be— 

3100 X 3-09 - (2797 + 1500) 2-57 = - 1464kilogmmmetre8 

(10,584 foot-pounds). 

The moment of the power will thus be negative when the 
cage arrives at bank, or, in other words, the engine ought to 
be designed so as to work rather more rationally. All 
negative working of engines ought certainly to be done 
away with. 

EMPLOYMENT OF COUNTERBALANCE CHAINS. 

In England, where the necessity of employing large radii 
for the rope-rolls, in order to work economically iron wire 
ropes, has been more fully appreciated than anywhere else, 
counterbalance chains have been used for this purpose. 
This counterbalance is made of large iron rings hung to the 
end of a chain with flat links, and working up and down a 
staple pit. 

This chain is fastened by means of a shackle to a counter- 



^yGoO'^lc 



EMPLOYMENT OP COUHTEEBAIANCE CHAINS. 55 

balance-roll upon the main shaft. The diameter of the roll, 
the length of the chain, and the weight of the .rings are 
calculated so that at the " lift " the counterbalance chain is 
completely wound up, and counterbalances the weight of the 
main rope hanging in the pit. It then is gradually let down 
the staple pit. So as to counterbalance the rope as far as 
" meetings ;" at which point the counterbalance weight 
should be quite at the bottom of the staple. After this, the 
counterbalance chain begins immediately to wind itself up in 
the other direction ; so as to hft up the weight and make it 
counterbalance the descending rope turn by turn. At the 
end of the run, the counterbalance should be completely 
Wound up again, so as to counterbalauce the weight of the' 
descending rope. 

This is the system applied in England, at Ryhope 
■ Colliery, near Newcastle, at Pendlebury Colliery, and Dan- 
kirt Colliery, near Manchester ; its advantage is that it makes 
the engine exert a constant power, and equal to the mean 
moment of the useful load. Its disadvantage is that it 
necessitates the employing a special staple, which must 
always be kept cleaned out, and also special counterbalance 
chains, which are always liable to break. 

We were told in England that the large rings were very 
apt to drop off and get injured. There are records of Ryhope 
pit, of as many as four breakages of the counterbalance in one 
year. It is believed that these objections can only grow 
.worse and worse as the pits become deeper. 

We have also observed that this method of counter- 
balancing has been abandoned at Rosebridge, where the 
depth is 540 metres. By having steel cages and light trams 
they were enabled to use steel ropes, tapering in size from 
112 millimetres to 87 millimetres, and only weighing 5*15 
kilogs. per running metre. The lightness of tapering steel 
ropes evidently diminishes the objection, that they cannot 
be counterbalanced by the difference in the radii of the 
rope rolls ; and as the initial diameter of the drum is 
6 metres, and the final diameter 7'20 metres, it would 
be necessary to employ at the hft a moment of the power 
equal to 12,323 kilograrametres {89,095 foot-pounds), and at 
the end of the run a negative moment of 1598 kilogram- 
metres. The engine then would work without expansion, 
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and very badly indeed, so far as the economy of coal is con- 
cerned. The engineman would have to alter his regulator a 
great deal, and make the engine work with back pressure 
at the end of the run. We shall show further on how much 
fuel may be saved by making the engine work in a more 
reasonable manner. 

We think, therefore, that the question of employing flat 
wire ropes is far from being satisfactorily solved by the pre- 
ceding methods. Two methods would appear toaccompUsh 
this. First, to make the ropes of the smallest possible steel 
wires, so that they may be wound upon a smaUer diameter, 
and, therefore, have enough diiference between the radii at 
the " lift " and the end of the run, to counterbalance the 
ropes, and avoid working by back pressure. 

The second method is to give the rope as lai^e a thickness 
as possible, by diminishing the number of ropes by which it 
is made. 

We will examine the first of these methods, and consider 
the case of a fiat steel rope with wires of 1'6 millimetre 
(0'058 in,.) in diameter. • 

The small diameter of the wire is a proof of the good 
quality of the steel, for it is only first-rate steel which can 
be drawn to such a small diameter of wire. It need not be 
feared that the rusting, or the wear from friction, should 
rapidly destroy wire of No. 10 gauge. We have ourselves 
employed No. 10 wire to a large extent, and have proved 
that iron wire of this gauge is not quickly destroyed. 

The first coil of the rope, which weighs 5'175 kilogrammes 
permetre (10-4 lbs. per yard), and hasasection of 589-7 square 
miUimetres (0'913 square inch), will be made of 334 wires 
each 1'5 millimetres (0'058 inch) in diameter ; £>t, say, fifty- 
six wires for each of the six ropes, i.e., seven strands of eight 
wires each. 

The last turn of the rope, which weighs 2982 kilogs. per 
metre {6 lbs. per yard) wiU be made of 192 wires of 1'5 milli- 
metre {0 '058 in.) in diameter; or,say, thirty-two wires for each 
of the six ropes ; which would then be made of seven strands 
and four to five wires in each strand. 

The smallest diameter Di of the drum on which the rope 
is wound will be given by — 
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10 ]alog8. = 27500 x -^ 
whence Di = 4'125 metres (13ft. 6-4in.) 

The diameter D3 of the drum, when the rope is completely 
womid up, wiE be given by the formula — 

M = j(Dj^-D,3) (1) 

Where I = the length of the ropefor a depth of 700 metres, 
d = the mean thickness of the rope. 
This thickness d is equal to the mean of the greatest and 
Jeast thickness of the rope, and each of these may be deduced 
from the formula — 



I Bin. - / V sm. — J- / 



in which « represents the numbei" of wires in each strand, 
and n the number of .strands. From this— 

d = 11-95 8 for the outside coil = 17'95 milUmetres (0706 in,) 
d = 8-935 8 for the inside coil = 12-60 millimetres (0'495 in.) 

The mean diameter will be — 

15-26 millimetres (0-6 in.) 

From which we deduce — 

D, = 5-53 metres (18 ft. 1-72 in.) 
Tf^e will now calculate the conditions of equilibrium of 
the ropes. 
At the lift, the moment of the moving force wiU be — 

(3100 + 2797) 2-06 — 1500 x 2-76 = 8007 kilogrammetres (57,890 foot-lbs.) 

At the end of the fun, the moment of the moving force 
will be — 

3100 X 2-76 -(1500 + 2797) 2-06= - 295 kilogrammetres (2133 foot-lbs.) 

We see, then, that the difference between the moment of 
the power at the lift, and at the end of the run, is much less 
when the ropes are made of wires 15 millimetre in diameter. 

We do not, however, avoid, as yet, the necessity of back 
pressure at the end of the run for a depth of 700 metres ; 
and the greater the depth becomes the greater will this fault 
become. 

In this case, economy of fuel wiU have to be sacrificed to 
economy in a question of smaller importance, i.e., that arising 
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from substituting steel for aloes in the construction of winding 
ropes. On the other hand, it is to be observed that the more 
the initial diameter of the rope-roll diminishes with the size 
of the wires, the more the ring made by the rope increases in 
proportion ; and the greater is the fear that the rope, which 
has but small breadth, may some day sUp down between the 
ring, and the horns of the rope-roll. 

This objection will always be considerable in the case of 
tapering ropes, when the ring formed by the winding of the 
rope has a small initial, and a lai^e final diameter. 

The thickest end has a breadth of 107'58 miUimetres 
(4 '235 in.) and the thinnest end 75'6 millimetres (2'97in.) 

There is, then, a difi'erence of 32 milhmetres (l'26in.) 
between them. It is to be observed that the fewer ropes the 
flat rope is made of, the greater is its thickness and the more 
perfect can the conditions of equilibrium become ; but, at the 
same time, the greater chance is there, that the rope may 
slip down between the ring which it forms upon the rope- 
rolls and the horns themselves. 

CASE OF A FLAT ROPE FORMED OF 
FOUR ROPES. 

Let us suppose the case when each rope is made of seven 
strands of eight wires each, fifty-six wires in all. The whole 
rope will thus consist of 228 wires. The section at the 
thickest end of the rope will be 589'7 square millimetres, iu 
order that each of the 228 wires should have a section of 
2'63 square millimetres (0098 square inch), or a diameter 
of 1-83 millimetre (00716 in.) 

The section of the thinnest end being 339'95 square milli- 
metres (0526 square inch), there wiU not be more than 152 
wires in the thinnest end, say thirty-eight wires per rope, and 
each of these ropes will have seven strands and five or six 
wires in each, of 1'83 millimetre (0'07 in.) in diameter. 

The thickness of the broadest end of the rope may be 
deduced from the formula— 



^(-liTf) (-liTf!) 



= 1-83 X 1195 = 21'869 millimetres (0'8 
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The thickness at the narrowest end will be 16'6 millimetres 
(0-65 in.) 

The breadth at the broadest end will be 87-4 millimetres 
(3-441 in.) 

The breadth .at the narrowest end wiU be 66*4 millimetres 
(2-6142 in.) 

The smallest diameter of the drum will be given by the 
formula — 

Whence Dj = 5 metres. 
The final diameter Da will be deduced from the following 
formida — 

Where ' '^ = f CPs* — ^i'') 

I = 700,000 

a = 19-24, the mean thioknefla of the rope. 
D, ^ 5 metres. 
So that Dj = 6-5 metres (21 ft. 39 in.) 

We will now consider in what condition of equihbrium the 
ropes will be. 
At the " lift " the moment will be — 

5897 B, - 1500 R, = 5897 x 2-5 - 1500 x 3-25 = 9867 Idlogrammetrea 
(- 71,338 foofc-ponndB). 

At " bank " ' 

3100 X 3-25 - 4297 X 2-5 = - 667 kilogrammBtreB (- 4822 foot-pounds). 

We see, then, that the moment in this case is again 
negative. 

We will now consider if it is possible to avoid this nega- 
tive moment by emplojring a steel wire of 1'5 millimetre 
gauge (0'058 in.) 

Each rope of the outside coil will have eighty-four wires, 
or eight strands of ten and eleven wires l'5miUimetre 
diameter. 

Its thickness will then be 1-5 X 15-28 = 22-92 millimetres 
(0-902 in.) 

Each rope of the lowest coil must have — - wires = forty- 
eight wires or eight strands of six wires. 

Its thickness will be 1-5 x 10-84 = 16'26 millimetres 
(0-639 in.) 
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The mean thickness of the rope will then be 19'59 milli- 
metres (0-768 in.) 

The smallest diameter of the rope roll will be 4-125 metres 
{13 ft. 6-4 in.) 

The greatest diameter will be given by the formula— 

700000 X 19-59 = 314 |^ - (■^^)'} 
D' = 6-20 metres (20 ft. 6 in.) 

We wQl now see in what condition of equilibrium the ropes 
will be. 
At the " lift " we have — 

5897 X 2-06 — 1500 x 3' 10 = 7497 Idlogrammetree (54,203 foofc-ponDdB). 
At " bank " — 
3100 X 310 — 4297 x 206 =759 kUogrammetres (548? foot-ponnds). 

We see, then, that it will be possible by this means to 
avoid a negative moment at a depth of 700 metres. 

When, however, we consider that the breadth of the out- 
side coil is only 91'6 millimetres {3'62 in.) and that of the in- 
most coil 65 millimetres {2'56 in.), it is to be feared that 
the rope might slip down between its own coil and the horns 
of the rope rolls. This would be exceedingly dangerous in 
the case of men riding on the rope, for the rope might break 
from the jerk which would ensue. 

We must, therefore, put out of the question the application 
of flat steel ropes made of four ropes, because there is no 
practical way of always keeping the ropes between the horns. 

We doubt very much if it would be possible to invent a 
method of doing this : for if the rope was guided accurately 
by two vertical guides properly moved forward by means of 
screws, this would be quite certain to wear out the stitching 
of the flat ropes. 

Moreover, the winding up of a flat rope of four ropes 
cannot be done so easily as one of six ropes. 

For, each of the four ropes being relatively so stout tend 
to prevent the ropes of the next coil from being exactly 
superposed to these. 

The ropes will, in fact, tend to arrange themselves exactly 
between those of the next turn. I'rom this there results a 
lateral displacement of this rope, which presses some of the 
coil heavily against the horns. They, if they are strong 
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enough to resist the pressure, must rapidly wear out the 
stitching of the rope. This circumstance must result in 
decreasing the life of all ropes which taper considerably in 
breadth. 

M. Z. Velings de Ch^telet, who wished to use flat metalhc 
ropes composed of four ropes, so as to obtain a complete 
counterbalancing, by the differences of the radii of the rope- 
roll at the " lift " and at " bank," was obliged to give them 
up on account of the objections which have just been detailed. 

If once the above theory he allowed toe should, therefore, 
press it to its utm-ost limit, and reduce the mtmber of ropes 
to one only ; that is to say, the case.qf a rowid rope which is 
wound lip vpon itself vpon a rope roll. This is the system 
designed by M. Demanet, the engineer of L'Esperance 
colheries, at Seraing. 

M. Demanet makes his round wire ropes wind in rope 
rolls made of metallic cheeks, which are rigidly fixed at a 
distance equal to the diameter of the rope. If the cheeks 
be made strong enough this distance can be accurately main- 
tained. 

M. Demanet starts by employing round steel ropes of 
uniform section, because they are better adapted to this form 
of rope-roll. . 

Let us consider what will be the conditions under which 
they will work in our own case. A round steel rope of 
imiform section would weigh 3-86 kilogs. per running metre 
(7-^79 lbs. per yard), or in all 2700 kilogs. (5953 lbs.), to draw 
a total load of 3100 kilogs. (6835 lbs.) from a depth of 700 
metres, and according to all the practical considerations which 
have been detailed above. 

This rope would give, according to the English tables, a 
diameter of 34 millimetres (1 '339 in.) for ropes weighing 
3 kilogs. would have a diameter of 30 millimetres, and those 
which weigh 3'86 kilogs. would have a diameter of — 
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If this rope were made of wires 2'2 millimetres in diameter, 
or No. 14 gauge, which is a size very largely employed in 
practice, the smallest diameter of the rope-roll must be 5 
metres, and the largest diameter 7*44 metres (from 16 ft. 
4-854m. to24ft 4-918 in.) 
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The mean moment will then be — 

1600 X 3H metres = 4976 kilogrammetres (35,976 foot-pounds). 
At the " lift " it will be— 

5800 X 2-5 - 1500 x 3-72 = 8920 kilogrammefcres (64491 foot-pounds). 
At " bank " it will be — 

3100 X 3-72 - (1500 + 2700) 2-50 = 1032 kilogrftmmetreB (7461 ft.-lbs.) 

We see, then, that the amount of the load will be positive 
at " bank " for a depth of 700 metres ; and that we can, by 
employing M. Guinotte's system of expansion make the 
power vary proportionally to the load. In this case, however, 
the engine will not work up to its full power. 

For a depth of 800 metres (874-9 yards) it would be 
necessary to employ a rope weighing 4'45 kilogs. per running 
metre (8'96 lbs. per running yard), whose total weight will 
be 3560 kilogs. (7850 lbs.), and its diameter 36*5 millimetres 
(1-436 in.) The conditions of equilibrium will, therefore, be 
as follows for an initial radius of rope-roll, 2'5 metres (8 ft. 
2-427 in.), and final radius 3-96 metres (12ft. H-6in.) 

The mean moment will be — 

1600 X 3-225 = 5160 kilogrammetros (37,306 foot-ponndH). 

Ab the " hft " it will be— 

6660 X 2-50 — 1500 x 3-95 = 10725 kUogrammetres (77,540 foot-ponnds). 

At " bank " it will be — 

3100 X 3-95 - (1500 + 3560) 2-50 = - 405 kilogrammetres (- 2928 ft.-lbs.) 

Thus, when the cage is at " bank " the moment of the load 
will be negative, and the engine will be working in a manner 
far from economical, with the load compelled to come to 
bank without steam by reason of its being over counter- 
balanced. 

M. Demanet, however, assumes, -with the English rope 
makers, that a steel rope weighing 1 kilog. to the metre can 
carry a working load of 2000 kilogs ; and this assumption 
puts his system in a better hght. A rope weighing 3 kilogs. 
to the running metre, would weigh for a depth of 800 metres 
(875 yards) 2400 kilogs. (5292 lbs.), and would have a 
diameter of 30 millimetres (1'181 in.) If the least diameter 
of the rope-roll be 5 metres, the lai^est diameter will be 
7-40 metres (24 ft. 3-344m.) 

The mean moment of the load will be — 
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1500 X 310 = 4650 kilogrammetres (33,619 foot-pounds). 

The moment at the " lift " ■will be — 

(3100 + 2400) 2-50 - 1500 X 370 = 8200 kilogrammetrea (59,286 ft.-lbe.) 

The moment at " bank " will be — 

3100 X 3-70 - (1500 + 2400) 250 = 1720 kilogrammetres 

(12,435 footpoTinda). 

There will, therefore, be a positive moment when the cage 
is at " bank." We do not, however, think that it is prudent, 
to allow the load on a steel rope to exceed ISkilogs. per 
square millimetre of section (00286 lbs. per square inch). 

This system enables far better conditions of eqxiilibrium 
to be obtained than are possible with flat ropes. It also 
employs round ropes which are much more economical in.use 
than flat'ropes. It possesses the advantage over systems 
with drums that it does not necessitate such large diameters 
as they do. 

On the other hand) the following objections have been urged 
against it. 

1. It is to be feared that a rope, where each coil bears on 
the neighbouring coUs along one line only, will quickly 
become damaged. In order to counteract this tendency, M. 
Demanet proposes to manufacture the rope of coarser wires, 
which will neither wear nor break so easily as fine ones ; 
and also to twist them very sharply, so as to diminish the 
flattening of the rope between the cheeks of the rope-roll. 
Hopes made on this principle — of course, wires sharply 
twisted — are possible only if the radii of the rolls be suffi- 
ciently large. In this case, however, the conditions of 
equilibrium become worse. It remains to be seen how such 
ropes would behave in practice. 

With a spiral drum the economical wear of the rope is 
insured, for the rope lies in a groove, between whose walls 
it lies evenly, without being even disturbed, owing to the 
oblique direction to the pulley ; moreover, it receives no 
pressure from the coils outside, tending to flatten it. 

2. It becomes more difficult to employ ropes which are 
tapering in section, and this is quite indispensable when 
working from great depths. It is necessary that the coils, in 
spite of their tapering, shall wind on the top of each other, and 
that without catching against each other, or against the 
horns. It is for this end that M. Demanet has proposed to 
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make the hempen cores of the ropes as stout as possible, 
and also to entirely enclose the rope in gutta percha or in 
hemp of a certain thickness, so as to equalise the section of 
the rope. This coating will also prevent the rope from being 
worn out, because the whole work of the winding is concen- 
trated on one series of edges. The only question is, willnot this 
coating, whether made of hemp or of gutta percha, be itself 
cut to pieces, because the iron wire will be pressing against 
it with aU the power due to the weight hanging in the pit 1 
It will remain, therefore, to employ the above coating, and 
then to try if an ordinary steel rope which tapers each 100 
metres and decreases from 328 to 267 millimetres, or only 
6 millimetres (0'236in.) in all, will not wind properly be- 
tween two sets of horns which are only distant 34 milli- 
metres (1'339 in.) from each other. In any case, since round 
ropes have no stitching, they will always work better than 
M. Velings' ropes, which are made of four ropes. The 
' system would seem to have several important advantages. 
It would be interesting to see it put in actual practice, and 
M. Demanet is going to try it on a small scale at an iron- 
stone pit. 

The conclusion that we arrive at is, that in order to ensure 
a proper degree of economy in the case of flat steel ropes, 
wound upon rope-rolls, it is necessary to sacrifice the coiinter- 
balancing of the ropes, and incur a proportionally larger cost 
in fuel ; which cost will go a long way towards destroying 
the great economy of steel ropes over those made of aloes, 
as we shall see further on. We, therefore, conclude that we 
must give up using metallic ropes wound upon rope-rolls in 
working from great depths. 

METHODS OF COUNTEEBALANCING FLAT 
ALOES ROPES. 

Let us consider the case of a flat aloes rope, tapering each 
100 metres, and working in similar circumstances to the fore- 
going steel ropes. It is well known that makers can spin 
ropes tapering every 50 metres, and even every 25 metres, 
without splicing them. It would even be possible to make 
the tapering go farther still, by dropping out not several 
threads every 25 metres, but each thread successively. The 
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manufacture would become more expensive, because it would 
be necessary to stop the machinery to cut out each thread. 
Up to the present time they have not been able to make 
ropes with economy tapering oftener than every 25 metres ; 
for they do not gain sufficiently in the weight to counter- 
balance the extra cost. 

A rope of aloes made of six ropes, and tapering every 100 
metres, and calculated according to the table given by 
Messrs. Vertongen and Gfiens, of Termonde, will have the 
following dimensions : — 

Far a depth of 700 metres (766 yards). 



Weiglit of each section. 



Breadth and tMokseBS. 



.. 46? . 


Lb.. 


. 1030 .. 


.. 866 . 


. 1248 .. 


.. 639 . 


. 1409 .. 


.. 720 . 


. 1687 .. 


.. 844 . 


. 1861 .. 


.. 979 . 


. 2169 .. 


.. 1126 . 


. 2481 .. 


.. 6S40 . 


.11,775 



MiUimetreB. 
146 X 82 
160 X 36 
170 X 37-6 
180 X 40 
196 X 48 
210 X 46-6 
326 X 60 



Inches. 
6-709 X 1 
6-209 X 1 
6-693 X 1- 
7-087 X 1 
7-677 X 1 
8-268 X 1 
8-868 X 1 



■260 
■378 
■480 
■676 



For a depth o/'SOO metres (876 yards). 

Weight of each section. Breadth and thickneae. 



- 


Kilogs. 


Lbs. 


Millimetres. 


Inches. ' 


1 


.. 487 .. 


1080 .. 


145 X 32 


.. 6-709 X 1-280 


2 


.. 666 .. 


1248 .. 


160 X 36 


.. 6-299 X 1-378 


3 


.. 639 .. 


1409 .. 


170 X 37-6 


.. 6-698 X 1-480 


4 


.. 720 .. 


1687 .. 


180 X 40 


.. 7-087 X 1-575 


6 


.. 844 .. 


ISOI' .. 


195 X 48 


.. 7-677 X 1-693 


6 


.. 979 .. 


2159 .. 


210 X 46-6 


.. 8-288 X 1-834 


7 


.. 1126 .. 


2481 .. 


226 X 60 


.. 8-868 X 1-988 


8 


.. 1323 .. 


2917 .. 


246 X 64 


.. 0-646 X 2-126 



Totals... 6663 ...14,692 

It will be observed that, according to the list of Messrs. 
Vertongen and Co., we ought to give to the different sections 
weights which differ by several kilogs. from those which were 
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calculated before, and based upon tbe assumption that aloes 
rope which weighs 1 kilog. per running metre will cany a 
working load of 750 kilogs. The reason of this is that the 
weights have to be adjusted to the breadths and thicknesses 
which the manufacture of the rope requires. Moreover, the 
final result is almost the same, for we have deduced as the 
total weight 5340'7, and according to the list the united 
weights of these sections would be 5340 kilogs. 

An aloes rope made of eight ropes and tapering each 
hundred metres would have, according to M. Vertongen's 
list, the following dimensions. 

Jbr a depth 0/700 metres (766 yards). 

Weight of each section. Breadth and thiokneBB. 





Elog!. 


. Ll». ' 


MinJTTietrBH. 


Inolii«. 


1 


.. 479 . 


. 1066 . 


. 170 X 28 .. 


6-693 X 1102 


a 


.. 570 . 


. 1267 . 


. 185 X 81 .. 


7-284 X 1-220 


3 


.. 632 . 


. 1394 . 


. 195 X 32 .. 


7-677 X 1-260 


4 


.. 735 . 


. 1621 . 


. 210 X 34 .. 


8-268 X 1-339 


B 


.. 844 . 


. 1861 . 


. 225 X 38 .. 


8-868 X 1-496 


6 


.. 980 . 


. 2161 . 


. 245 X 40 .. 


9-646 X 1-675 


7 


.. 1134 . 


. 2500 . 


. 270 X 42 .. 


10-680 X 1-664 



Totals... 5374 ...11,8; 



For a depth ofSOd metres (875 yards). 



n-i, 


Weight of each section. 


Bt«adtii and thickness. 




Kiloge. 


Lbs. 


Millimetres. 




1 


.. 479 . 


. 1066 .. 


170 X 28 .. 


6-693 X 1-102 


•^ 


.. 670 . 


. 1267 .. 


186 X 81 .. 


7-284 X 1-220 


■i 


.. 682 . 


. 1394 .. 


195 X 82 .. 


7-677 X 1-260 


4 


.. 736 . 


. 1621 .. 


210 X 84 .. 


8-268 X 1-339 


5 


.. 844 . 


. 1861 .. 


226 X 38 .. 


8-868 X 1-496 


6. 


.. 980 . 


. 2161 .. 


246 X 40 .. 


9-646 X 1-676 


7 


.. 1184 . 


. 2500 .. 


270 X 42 .. 


10-630 X 1-664 


« 


.. 1306 . 


. 2878 .. 


290 X 46 .. 


11-417 X 1-772 



Totals... 6679 ...14,727 
The weight of the theoretical rope of 700 metres in length 
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is 4783 kilogs. (10,547 lbs.) ; and of one 800 meferes in length, 
5906 kilogs. (13,023 lbs.) 

Let us now calculate the radius of roll which will counter- 
balance aloes ropes tapering each 100 metres, and of a 
length of 700 and 800 metres. 

We will first take a rope made of six ropes and 700 metres 
long. 

The initial radius Bi and the final radius Kg must satisfy 
the following equation : — 

i<i = ^W-E,«) (1) 

Where I = length of rope 

and d = mean thicknesB of rope. 
Whence 700 x 406 = 3-14 (R,« - B,*) 
or a,» - R,' = 9-05 

These same radii must also satisfy the equation of equili- 
brium of the moments. 

(5340 + 3100) Rj - 1500 B, = 3100 R, - (5340 + 1500) B, . . (2) 

= 3'32 a,. 
Substituting this value for E^ in equation (1) we have — 

a, = 0-96 metre (3 fl. 1-8 in.) 
R, = 319 metres (10ft. 56 in.) 

If the rope be made of sis ropes, and be 800 metres in 
length, we find that — 

R, = 0-872 metro (2 ft. 10-3 in.) 
R, = 3-398 metres (U ft. 18 in.) 
If the rope be made of eight ropes, and be 700 metres in 
length we have — 

Bi = 85 metre (2 fl. 946 in.) 
Ri = 2836 metres (9ft. 3-66 ins.) 

and if it be 800 metres in length-^ 

B, = 805 metre (2 ft. 769 in.) 

Ra = 3143 metres (10 ft. 3-74 in.) 

If the foregoing values do not produce as complete an 

equilibrium in the ropes as those of Combes, or those worked 

out by our Professor Trasenster in his lectures on practical 

mining,* they are sufficient, at any rate, to prove that it is 

• M. Dwelshanvers-Dery has also produced in the Bevue Univa-ielle 
des Mines, a method of connterbalanciug ropes on a rope-roll. He shows 
that the moment of the load can be made perfectly constant, by employing a 
rope of a constant thickness, but of a section which varies nniformly, and 
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possible to arrange aloes ropes so as to be counterbalanced 
with a depth of 700 metres, and that without so far reducing 
the initial diameter of the rope-roUs as to interfere with their 
lasting properly. 

We have, in the Li^ge district, aloes ropes which always 
last out their warranty of two years' duration, working upon 
a rope-roll whose diameter is 2 metres (6 ft. 674 in.) 

The rope made of six ropes is counterbalanced for a depth 
of 700 metres, with a diameter of rope-roU of 1 -92 metre 
(6 ft. 3*592 in.), or as nearly two metres as maybe. This 
rope will be better than that made of eight ropes, which 
require an initial diameter of rope-roll of 170 metre (6 ft. 
6-93 in.) 

If the rope be tapered eveiy 50 metres, or even 
25 metres, instead of every 100 metres, the perfect 
counterbalance with a diameter of rope-roll of 2 metres 
would ensue. It is scarcely prudent to make the rope- 
roll smaller than this if the ropes are to work as 
economically as possible ; and, therefore, in the case of 
depths which are above 700 metres it will be advisable to 
sacrifice the perfect counterbalancing of the ropes^ in order 
to ensure their working economically. The adoption of a 
variable expaiision will altogether obviate any evil result 
from this cause. 

It has, therefore, been proved that, by using aloes ropes 
made of six ropes and wound upon rope-roUs, it is possible 
to produce a perfect counterbalance for a depth of 700 
metres. It is evident, therefore, that the work which the 
engines have to do has been equalised for the whole run, 
and, therefore, that a fixed grade of expansion may be em- 
ployed.* 

combimng it with a eize of rope-roll correctly proportioned to it. For a 
depth of 900 metres the moment of the load will become practically constant 
if the rope be 4 centimetres (1'575 in.) in thickness, and the rope-roll have 
an initul radios of l'S26 metre (4 ft. 4-206 in.) We mast, however, 
observe that it ia hardly possible to make the ropes taper in breadth 
withoat, at the same time, tapering them in thickness ; and, moreover, that 
the section of the rope should not vary uniformly with the depth, bat according 
to a more rapid progression than this. 

• The above statement wonld not seem to be exaotly correct. When an 
engine has to start a certain fixed load Irom rest, and, after moving it with a 
certain final velooity, retard it gradnally nntil it is at rest again (and this is 
really the case wfaioh the author is considering), it is clear that the aocelera- 
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For depths above 700 metres an expansion, varied but 
slightly, will produce a variation in the power of the engines 
proportional to the variation in the load. The engines can, 
therefore, be set to work very nearly in their best conditions. 
Aloes ropes, therefore, allow of a thoroughly economical 
employment of the steam, and, therefore, of coal. As for 
the economy of the ropes themselves, this is. insured if the 
diameter of the rope- roll be as great as 2 metres (6 ft. 6'742 in.) 
Their large breadth of bearing surface makes it out of the 
question for them to slip down between- their own coils and 
the horns. We have in use ropes of 800 metres in length, 
and tapering every 50 metres, which wind and unwind with 
perfect safety. 

In the case of tapering ropes without splices it is not 
possible to alter the " lift " as in the case of ordinary ropes.* 
It is essential, therefore, to have the rope longer than is 
absolutely necessary, and to alter the point of the rope, which 
receives the greatest strain from the " lift," every month, or 
at least pretty often, by cutting a piece off the end, and making 
the whole rope move outwards down the pit by that amount. 
If this be done it is safe according to M. Vertongen to load 
the part of the rope at the " lift " with 0'76 kilogs. per square 
millimetre of section (1654 lbs. per square inch) in the same 
way as the middle of the rope. If this be done it wHl be 
necessary to reduce the size of the centre bars of the rope- 
rolls to suit the increased length of rope. In our own case, 
it would be necessary to reduce it to 1'20 metre in diameter 
(3 ft. 11 '245 in.) The working part of the rope will still 
wind itself on and off the rope-roll from an initial diameter 
of 2 metres. The repairs to a rope of aloes such as this, are 
easily made by using a machine to compress the piece of rope 
spliced in, and to reduce it to the proper size to suit the 

tioQ at the heginning must be produced hy a greater efibrt ia the engines, and 
the retardation at the end by a less effort. The amoirnt of work done per 
revohiHon will be the same if the diameter of the rope-roU does not vary, bat 
not the amount j)er •minute. Moreover, all engines, to some email extent, 
require a larger admission of steam, or, in other words, a less grade of expan- 
sion, as their apeed increases. — TranBlaior, 

* It wonld appear from this that the praotioe in Belginin is to cat and re- 
splice the thickest section of the rope, and so alter the position of the " lift " 
1:^ turning it end for end. I need scarcely add that such a practice would be 
utterly repugnant to all English instincts. — IVanslator. 
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various sizes of rope in different parts. An aloes rope has 
this great advantage over all others, that it enables a good 
rope maker to detect the bad places, and catch them before 
the rope breaks. This advantage is sacrificed in the case of 
metallic ropes. In their case, iu order to be safe, it is 
necessary to take off the rope when it has rtm its regular time, 
a time determined by careful experiments. Thus, in England, 
metallic ropes are generally replaced after fifteen or eighteen 
months.* 

Round steel ropes, however, must eventually supplant flat 
aloes ropes. They are nearly three times as Ught and as 
cheap as the latter ; and our form of spiral drum, combined 
with them, makes it possible to obtain, together with this 
great economy in ropes, as great an economy of fuel as with 
rope-rolls, t 

WINDING ENGINES. 

We .will now proceed to investigate the power and the pro- 
portions of the winding engines. 

We shall then have to enquire what class of engines will 
enable us to develope this power as economically and simply 



Lastly, we shall examine into the arrangements which 
will become necessary to tie the framing of the engines to 
the head gear. 

1. The Power and Proportions of Winding Engines. — A 
pair of winding engines must be so designed that the two 

* I think thai; English ongineers will hardly endorse such an opinion ea 
thia. A carefnl examination of wire ropes day by day, and a careful record of 
any broken wires, the Inhrication of them with some tolerably thin oil, which 
pamoates the rope, and does not disgniae its sorfaoe, and the cnttiug 
periodically of the end, and examination of the part cat off, so as to see the 
condition of the wires themselves, afford a capital test of the state of the rope, 
independently of the time it has been at work. The " life " of a rope depends 
entirely on the work which it has to do compared with its strength, and, at 
any rate, varies from six months to three years . — Ti-anslator. 

t We much regret that we did not discover the form of spiral drum which 
is applicable to a great depth of pit until . after we had laid the foundations 
of our new engines, and all was too far advanced to enable ua to retrace oar 
steps. We should have adopted, instead of flat aloes ropes, the most tapering 
form of steel ropes which we could get, and have wound them upon the drams 
described above. 
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cylinders together are powerful enough to lift the total load 
when one rope alone is fitted. 

The load of coal will be 1600 kHoge. = 3528 lbs. 

TJie weight of cage and trams 1500 „ = 3307 „ 

3100 Klogfl. = 6835 lbs. 

The weight of a tapering aloes rope 6663 „ ^ 14,692 lbs. 

The efiectire preeeiu'e in the bailers, i atmosphereB ^ 60 lbs. 

The initial pressure in the cylinders, Sg -„ = 523 „ 

The mean speed of winding, 10 metres per second = 1969 ft. per min. 

The whole depth of 800 metres will be gone over in 80 seconds. 

The number of turns in one run will be obtained by 
dividing the difference between the initial and final radii of 
the drum by the mean thickness of the rope. 

This wiU be— . 

3-43-1 _ _ 

-0^0422^ = ^^'*"^^- 
and each turn will be performed in — 



If we assume a stroke of 1-20 metres (3 ft. ll'245in.) we 
shall have for the piston speed — 

\ - = l'?0 metre per second (335 ft. per miniite). 

The necessary diameters of the cylinders will be given by 
the condition of lifting the whole load with one rope. 

The moment of the load will be obtained by multiplying 
the total load added to the weight of the rope by the radius 
of the dnun at the lift ; "which radius must not be srballer 
than 1 metre in order to ensm-e the economical working of 
rope. 

The moment of the resistance will then be — 

9763 X 1 = 9763 Idlogrammetres (70,586 foot^ponads). 

We will now calculate the moment of the power. For 
this we must take into account the obHquity of the cranks. 
The total mean moment of the steam pressure in both pistons 
is equal to the surface of one piston, multiplied by the 
pressure of steam, by the radius of the crank, and by the co- 
efficient 1'273. For the mean moment of the two cylinders 
is equal to the power acting upon one piston multiplied by 
the radius of the crank and this same quantity^ 1-273 — 
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For if P = the power applied to one piston 
r ^ the radina di the crank 
Q =: the total load 

B = the mean radius of the rope-roU 
S = the fiorface of the piston 

then the work done by the power during one complete revo- 
lution will equal the work done upon the load. 
The work done by the power is for one cylinder — 

4 X P r, and for both cylinders 2 x 4 P r. 

The work done upon tJie load through one complete revo- 
lution will be — 

2jrE X Q 
therrfore 24 r P = 2 w R Q 
8rP 4Pr 
whence B Q = ^ = ^ = 1-273 P r. 

The mean moment, then, for two cylinders = 1'273 Pr. 
To resume — we can, in no case, count upon more than 65 
per cent, of the pressure of the steam as transmitted to the 
main shaft — 

and since P = S x pressure of steam 

= S X 3S X 1033 
therefore 9763 = 1-273 x P x r x 0-65 

= 1-273 X 3-5 X 1-033 x S x 0-60 x 0-65 

whence S = ^^ ■ = "5493 sqnare metres. 

The diameter then of each cylinder will be 0*84 metre 
(33'09in.) If it be noted that in regular working the 
moment of the power will be 4618 kilogrammetres {33,388 
foot-pounds) it -ffiU be seen that the engine would be more 
than twice as powerful as necessary, with cylinders 0-84 
metre in diameter. We decided, however, to increase the 
diameter to 0-9 metre (35-434 in.), and to make the engine 
work expansively for its ordinary work. 

It will be invafiably necessary to " change " with the fall 
pressure of steam ; for it often happens that then one piston 
IS on the dead point, and, therefore, the other one alone 
must tiuTi the engine roxmd. Moreover, the work done by 
the engines when " changing " is more than ordinary ; for it 
is the custom to allow the cage at the bottom to lie upon the 
props whilst the cage which is at " bank " is lifted up ofi' the 
props in order to " change " it. 

2. General Design of Engines. — Our winding engine 
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would have to raise 1600 kilogs. (3528 lbs.) of coal at a meftn 
speed of 10 metres per second (1969 ft. per minute). It 
would hare to exert a useful effect in the pit of 213 nOTse- 
power, or a theoretical power of 327 horse-power (if 
we calculate on realising 65 per cent, as above). It is 
evident, therefore, that it will be of enormous importance 
to employ a class of engine which will consume as little coal 
as possible, without serious complication. 

It is a pretty general proportion to calculate that a colliery 
which produces 200,000 tons of coal per annum will use as 
colliery consumption about 5 per cent, of that quantity, or 
say 10,000 tons. This quantity, taken at a mean price of 
8 fr. per ton (reckoning the actual cost to the colliery alone), 
would make the cost of the colliery consumption alone 
80,000 fr. (£3200). If the coal be taken at its selling price 
4he amount would come up to 200,000 fr. (£8000). 

This consumption of coal can be reduced by more than 
one half, by having a high-pressure engine, working expan- 
sively, and also condensing, if there is sufficient water supply. 

We will take each of these points in detail. 

By condensing the steam, it is possible to reduce the back 
pressure to an amount represented by a column of mercury 
of the height of 0-16 metre (6'299in.) instead of the atmo- 
spheric pressure represented by a column of mercury 0'76 
metre (29'922 in.) in height. It is possible, therefore, to gain 
0-6 metre (23*622 in.) of vacuum, or -ith of the effective 
pressure of three and a-half atmospheres, which correspond 
to a column of mercury 2*66 metres (8 ft. 8'727 in.) in height. 

The consumption of coal in a winding engine of 300 
horse-power working for eighteen hours, will be 17,820 kilogs. 
{39,293 lbs.) per day, for it will take 3 kilogs. (6-6 lbs.) of 
coal per horse-power per hoiu". At the cost of 1 1 fr. per ton, 
this will be equivalent to 178 fr. for coal per day. By 
working the engine condensively, we may then save ^ or 
40 fr. per day. 

Unfortunately, a condensing engine necessitates a large 
water supply. According to Armengaud, it takes 300 kilogs. 
(661 '5 lbs.) of water per horse-power per hour to condense 
the steam with ordinary conditions of pressure and expansion. 
Our winding engine would then want, allowing for stoppages, 
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70 cubic metres of water per hour ; and in dry times our 
water supply, which was used for the boilers as well, would 
only give us 15 cubic metres per hour. In order, therefore, 
to get sufficient water supply, it would have been necessary 
to have brought the water from the river Sambre by a con- 
duit 1600 metres long, and to pump it up into this by means 
of a special steam engine. 

If we were to add to the daily cost of 10 fr., which corre- 
sponds to this apparatus, a further daily cost in coal and 
wages of 30"6 fr., we should have altogether a cost of 40'5 fr. 
per day to chaise to the head of condensation. 

This cost would counterbalance the economy of condensing 
our steam, and we were naturally obliged to give it up on 
account of the mechanical complications it would necessitate. 

In all cases, condensation should be used wherever an 
abundant water supply can be got at a reasonable cost. It 
is especially useful with an engine working at a medium 
pressure. It would then be advisable to employ an air pump 
worked by an independent engine, and not from the winding 
engine ; so as not to complicate the latter, and to have always 
a vacuum to start it. It might thus be possible to have one 
condensing apparatus for all the engines of the colliery. 

EMPLOYMENT OF HIGH PRESSURES. 

The advantages of condensation diminish as the pressure 
of the steam increases. If, instead of an effective pressure 
of three and a-haJf atmospheres, we had a pressure of four 
and a-haJf atmospheres, the effect of condensation, instead of 
producing an economy of coal of j^th of the total consumption, 
would only produce an economy of g^th of the same quantity- 
As simplicity is a necessary condition of all winding ma- 
chinery, it is evident that condensation must be given up in 
the case of all engines working at a high pressure. High 
pressure again enables us to reduce the dimensions of the 
pistons and of the cylinders, if the steam is not used expan- 
sively or to . increase the grade of expansion at which the 
engine works. In this case it would be better to use engines 
working at the effective pressure of six or seven atmospheres, 
in any new pits that may be set out In the case of locomo- 
tives they have ah-eady employed a pressure of ten atmo- 
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Spheres. At the No. 1 pit of the colliery of the Pays de 
Li^ge, where the boilers were tested for an effective pressure 
of four atmospheres, we adopted the opimon that has just 
been given. Moreover, with the consent of the Office of 
Mines, we had our boUers passed for an effective pressure of 
five atmospheres, after having had them proved up to ten 
atmospheres, and having obtained from a boiler maker a 
declaration that our boilers would work at the pressure of 
five atmospheres without any danger. 

WORKING WITH EXPANSION. 

Besides its regular advantages, expansion has these special 
advantages when applied to winding engines. 

1. It is well known that winding engines are designed to 
draw the whole weight with one rope alone. 

They must, therefore, be two or three times as strong as is 
necessary for their regular work. It is obvious that it would 
be better to use the steam expansively, rather than to throttle 
it by means of the regulator. 

2. In those numerous cases, where the moment of the 
resistance is not constant as is always the case with flat wire 
ropes, it is necessary to make the power developed durilig 
each revolution vary proportionally to the resistance, by 
means of the different grades of expansion, and not by the 
barbarous practice of throttUng the steam. 

3. Expansion diminishes the throttling of the steam in its 
admission to the cylinder and its back pressure during the 
exhaust stroke, which result from too great piston-speed, 
from too little lead on the exhaust side of the valve, and 
from too small steam and exhaust ports, such as are usually 
met with in winding engines. 

Under these circumstances the economy which may be 
realised by the application of expansion will amount to 
60 per cent* 

* M. Scohy has given an accotmt in the " Bulletin " of the old pupils of 
the Hainatilt School of Miners (April, 1870) of one of his winding engines 
where the area of the steam ports was only -^th of the area of the piat4>n, and 
that of the exhanat port only -j^th of the same area, where the lead on the 
steam side was zero, and that on the exhaust side 10 milltmetrea out of & 
total breadth of 40 millimetres. The resolts were as follow : — 

At the 3rd revolution, with a piston speed of 1 metre, the baok-pressnre 
• was 50 kiloga. per sqnare centimetre. 
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GRADE OF EXPANSION TO BE ADOPTED. 

The following is extracted &om a paper upon this subject 
by M. Kraft :— 

" The dimensions of the steam cylinder must first be deter- 
mined by the condition that it must be able to lift the total 
load of one side of the pit, without any counterbalance, but 
with no expansion. It will then be too lai^e for the regular 
work of the engine. The question then arises whether it is 
better to work with as high a pressure as is possible in the 
boilers, with a high grade of expansion, even so as to reduce 
the final pressure to below that of the atmosphere ; or to 
work altogether with a low boiler pressure and low grade of 
expansion. 

" Now let — 

T te the work to be dons at ectch stroke of the piaton, which will he oon* 

Btant. 
S =: ihe arefl of piaton (constant alao). 
I = length d stroke (constant). 
F ^ initial pressnre in cylinder. This will TSry according to the grade of 

eznauslo& which is to b ' ^ 



At tJi« ISth revohition, with a piston speed of 2 metres, the back-pressure 
waa 60 kllogs. per sqnare centimetre. 

At the 75th revolntion, with a piston speed of 2'50 metres, the back-presenre 
WM 70 kilogs. per sqnare centimetre. 

M. Scohy rednoed this back-preeanre a little by increasing the lead on 
tiaa exhaust side ; bnt eren then the baok-pressnpe was &r too heavy. For 
in the case of en^nes which move with a high piston speed, the area of the 
steam ports shonld be ^th of the area of the piston, and that of the exhaust 
port -j^th of the same area, and the lead on the exhaust side Jrd of the 
breadth of the port. These ports must alao be doubled, so as to present a 

rl broadjpassage for the steam. Otherwise, if there be a large piston speed, 
following are the results : — (1.) The st^m is wire-drawn, owing to the 
lai^ piston area as compared with the steam-ports ; this also diminishes the 
working preesnre. (2.) Baok-pressnre in the eshanst, owing bo the large 
masses m Steam which are suddenly let ont through contracted and bortnous 
passages. In such a case, a high grade of expansion (1) reduces the amount 
of steam used in each stroke, and, therefore, also the amount of wire drawing 
and consequent redaction of pressure ; (2) it diminishes the pressure of steam 
before it is exhausted, and, therefore, almost destroys all back-|iressare. It is 
found by experiment that expansive working increases the initial pressure and 
decreases Uie back-pressure. It waa concluded that the expansion gear 
remedied the fknlty oonstruotion of the winding engine, and the teo large 
size of the piston with reference to the work to be done, and that the result 
waa an economy of 60 per cent. 
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m = grade of expan^on, i.e., the ratio of the whole stroke to that portion 

of it duriBg wMoh the steam is admitted. This is a variable 

quantity. 
p = pressure of the atmosphere. 
A = density of the steam when admitted to the <^linder, or the weight of 

a cnbio metre of this steam. Approzimatelj A — <x P> "^ b^g a 

constant. 
y ^ weight of steam nsed per stroke of piston. 

" Then the mean pressure of the steam in the cyUnder during 
the half stroke is given by the formula — 



" The work done during one half stroke is— 
T = S!p(i±Mi!)_Syi . 

" The amount of steam iised is — 



r=z:''^ 



m 

(2) 

•(S) 



* These expressions may be arrived at as follows : — 

1. Th( 

diagram 



1. The mean presanre is most easUy dednoed &omtlie theoretical indicator 
*" half stroke. 




Let A = I the length of the stroke. 

B = F the initial pressnre of steran. 

B = — the point of the oufc-off. 

Then the area of the 

So that the 



; D & = 2 X mean pressnre. 
, , area o b c d A 
pressure required ^ j ■ 



To find this area it is to be noted that the cnrre c d approximates in form 
to the arc of a rectangrdar hyperbola of which o a, o b are asymptotes. 

Now the equation to this curve (referred to its asymptotes as axes) is— 
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" From equation (2) we have — 

^=(ri+'')rT^ 

" Substiti\tiiig this value in (3) we have— 



■i+i.g.» '*' 



" Therefore as m increases v diminishes, and it is, therefore, 
economical to work with a nigh initial pressure, and high 
grade of expansion. This result is, of course, only approxi- 

and the area bcad= I ydx = I ydx 

.1 
^ 1 e ax ^ jjjg eqnation to tlie curve 



= <^ nog. I - log. — ) 

= c-log. —j- = c^log. m. 



' Again, because c is a point on the curve, aad 
c E = P and o B = - 



so that the area, obcda = oboe + ecda 



2. The work done daring the half stroke = the area of the piston x length 
>f stroke X difference of mean steam pressure and atmospheric pressure. 



= Sx!x(pi+i5t=-y) 



. The amount of steam OBed 

=: density of steam x space occupied by it 

= AxSxl = ^'.P. 
m m 

— I^analator. 
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mate, for it neglects friction and the cooling due to the entry 
of the air." 

Having, then, adopted cylinders with a diameter of 0-90 
metre (2ft. 11-43 in.), a stroke of 1-2 metre (3ft. 11-24 in.), 
and the mean moment required being 3416 kilogrammetres 
(24,698 foot-pounds), we have — 

With an absolute pressnre of 4j atmospheres, st cut-off of ^th, a final 

pressure of 0'75 atmosphere. 
With an absolute pressure of 4 atmospheres, a cut-off of -J^th, a final pressure 

of 0'8 atmosphere. 
With an absolute pressure of 3| atmospheres, a cut-off of jth, a final 

pressure of 0'88 atmosphere. 
With an absolute pressure of 3 atmospheres, a cut-off of jrd, a final pressure 

of 1 atmosphere. 

NECESSARY CONDITIONS IN THE EXPANSION 
GEAK OF A WINDING ENGINE. 

1. The expansion must be capable of variation. In the 
case of engines which are counterbalanced, the grade of the 
expansion must be proportional to the mean moment of the 
resistance. In proportion to the increase in the depth of the 
pit, the mean radius of the drum will increase, and the 
moving force must, therefore, be increased by a proportional 
reduction in the grade of expansion. 

In the case of engines which are not counterbalanced, the 
grade of expansion must be varied proportionally to the 
resistance of the load. This variation in the grade of expan- 
sion replaces the throttling of the steam at the regulator. 

A variable expansion will then become necessary in the 
case of engines which cannot be counterbalanced (and this 
is the case when the depth of the pit is more than 7<>0 or 800 
metres) in order to obtain the most economical wear of the 
ropes. 

2. This variable expansion must be designed without com- 
plicating the engine to any great extent. 

Winding engines are trusted to eiiginemen, neither very 
careful nor much instructed, and are exposed to many acci- 
dents, and must, therefore, above all things, be simple. 

3. The action of the expansion gear must be altogether 
suspended while " changing " the cages, and at will at any 
point in the pit. The variation in the grade of expansion 
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must act automatically and without attention on the part of 
the engineman. In other words, ' the engineman must be 
able to work his engine with a variable expansion with as 
great ease as an ordinary high-pressure engine ; and without 
being obliged to work any other levers than the reversing 
handle and the regulator. 

We will now examine the different methods which have 
been invented for solving this problem, beginning with slide 
valves. 

Fixed Expansion. — MM. Scohy and Crespin, in October, 
1868, took out a patent for applying a system of expansion to 
winding engines. It has been described in the " Bulletin " 
of the old pupils of the Hainault School of Mines for April, 
1870 ; and in the course of lectures on practical mining by 
M. Amed^e Burat, in 1871- We shall only glance at the 
principle of this system. MM. Scohy and Crespin add to ■ 
the regular form of cylinder the expansion gear of M. Meyer, 
as if it were an engine which worked continually in one 
direction ; and when the cages are being changed they do 
away with the effect of the expansion by admitting the steam 
through a supplementary passage altogether independent of 
the expansion gear, and which will, therefore, do away with 
the eftect of the shutting of the expansion valve. 

It is ui^ed as an objection to this plan that it entails 
supplementary valves and steam ports ; that it multiplies the 
rubbing siirfaces, which ought to be always perfectly tight, 
and are also never exposed to view. Apart from this objec- 
tion, this system is good. 

It was employed at the Monceau- Fontaine Colliery, and 
produced a saving of 60 per cent., according to the experi- 
ments tried by M. Scohy. This fixed expansion gear was 
applied to an engine where the flat iron ropes could not be 
counterbalanced, and they were obliged to alter the initial 

Pressure of the steam, which was 2"90 atmospheres at the 
th turn, to 1*48 atmosphere at the 35th turn, by means of 
the regulator. 

They were enabled, nevertheless, to alter the throttling of 
the steam through the regulator into the far more sensible 
plan of varying the expansion, by making the two slides of 
Meyer's expansion gear move suitably towards each other, 
by means of mechanism which will easily be imagined, As 
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soon as the conditions are such that the resistance varies 
throughont the whole run the expansion must be made to 
vary automatically in proportion to the resistance. 

If the complication in the machinery which results from 
this is feared, we must endeavour to make the moment of 
resistance uniform by using aloes ropes or scroll drums. The 
expansion gear of MM. Scohy and Crespin, which is fixed 
relatively to the run, is then only apphcable to engines where 
the moment of resistance has been made constant, so as to 
produce its full advantage. 

VARIABLE EXPANSION GEAR BY M. GUINOTTE. 

The importance of altering the grade of expansion in the 
case of winding engines, induced M. Guinotte to produce a 
special design for this. Already, in 1866, M. Guinotte had 
taken out, in conjunction with M. Chenard, a patent for 
applying to winding engines a system of expansion, based on 
the same principle as that of MM. Scohy and Crespin. 
When their system was applied to the winding engine of the 
St. Arthur Pit, at Mariemont, M. Guinotte was induced to 
obtain a more complete solution of the question of expansion. 
M. Guinotte was enabled to produce the expansion without 
employing supplementary sUde valves and ports, by using 
simply two slide valves, one behind the other ; and these, 
moving automatically with reference to one another, produce 
all the grades of expansion which are required, and do away 
with expansion altogether during the "changing" of the 
cages.* 

M. Guinotte published, in 1871, a remarkable paper on 
variable expansion. We must, however, only quote here the 
part which describes his system as applied to winding 
engines. 

" My system of expansion consists in employing two slide 
valves superposed ; the expansion valve which is fixed being 

* It must be observed that M. Meyer's expansion gear alone, without the 
addition of supplementary valves and ports can never produce that instan- 
taneoas altei^tion &om expansion to regular working which is indispensable 
while " changing " the cages and at any point of the mn. For this alteration 
can only be obtained by taking a number of turns of the screw which unites 
the two halves of the expansion valve. 
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worked by a slide block, whose movement in a slide varies 
the admission of steam into the cylinder in all degrees from 
nothing to the full admission. 

" In the case of winding engines, the displacement of this 
slide-block must necessarily be automatic, so that when the 
cages are being ' changed ' the engine becomes of itself in- 
expansive, and that as soon as one cage is lifted from the 
bottom it becomes again expansive to the required extent. 
So that it is not necessary for the engineman to think at all 
about it, and that he may even forget that the engine is 
working expansively. When the run has begun, the slide- 
block must be in an expansive position, it must remain in 
that position until the cage is nearly at the surfiice. When 
the engine has only two turns more to take, the slide-block 
must be moved into a non-expansive position for these turns. 
While ' changing ' it must remain in the same position, and 
be moved back again to the expansive position as soon as 
the engine has taken one or two turns in the opposite direc- 
tion. To this end, it is evidently the best plan to work it 
from the main shaft ; but whatever portion of the engine is 
adopted, the solutions are so easy and so numerous that each 
person may invent one to please himself, without difficulty ; ' 
and it seems to me a waste of time to discuss them further. 
The plan that I have adopted myself is sufficient to demon- 
strate that it is quite practicable ; and that is the only merit 
which it has to distinguish it from the others. 

" But that which particularly concerns the question of vary- 
ing the expansion in winding engines is another important 
consideration which must not be overlooked. 

"It is not always possible in practice to wind the ropes 
on such radii that the moment of resistance should be con- 
stant throughout the run. In winding from great depths, 
the smallest radius will necessarily be so small, that one run 
would take up too many turns of the engine, and, therefore, 
too much time. In such cases as these it is generally the fact 
that a great difference between the moment of the load is 
tolerated or adopted so as to give a suitable radius on which 
to wind the ropes. This difference in the moment of the 
load necessitates a very defective use of the steam, for if it 
works well for the moment of the load of one turn, the con- 
ditions will be very bad for other turns. 
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"In England, they usually produce a comparative unifonnity 
by employing a counterbalance wound upon a special roU, so 
as to diminish the moment throughout the first half of the 
run and increase it during the second half. This plan, which 
is much employed in England for iron wire ropes, has pro- 
duced but bad results in Belgium ; and those who have tried 
it there have quickly given it up. Instead of reproducing 
this regularity in the moment of resistance it will perhaps be 
foimd that a better solution will be to modify, each revolu- 
tion, the power exerted ; or, in other words, to make the grade 
of expansion vary each revolution, so that the steam should 
be always used in the cylinder in a proper manner. 

" It is easy for anyone who has been used to handle figures 
to calculate m a very short time (1) the moment of the resist- 
ance for each revolution of the run (2) the amount of admis- 
sion that the steam should have to the cylinder each revolution, 
in order that it should always work under the best possible 
conditions. 

" From this it is easy to deduce the position which the 
slide-block must occupy in the slide to obtain this result. 

"Let us represent {Plate XI. fig. 1) by the length ab one 
complete run of the engine, and divide it into as many equal 
parts as there are revolutions in the run. Then draw at each 
of these points, wKich are, in fact, so many abscissEe, lines 
at right-angles to a b. The lower end of the slide, which is 
supposed to correspond to no expansion, being represented 
by an ordinate equal to zero. Then plot upon each of these 
perpendiculars the lengths to which the slide-block must be 
lifted in the slide in order to give the proper grade of expan- 
sion for each revolution. Join each of these points by a line, 
which win in general be a curved line, and observe that at 
the end of the run we must, in all ca^es, come back to no 
expansion. The same operation performed from the other 
end of A B will give us the line (partly dotted in fig. 1) which 
corresponds to the run of the engine in the opposite direction. 

" We can now produce metallic curves corresponding to 
these two lines ; and by means of a shaft and screw make 
them reciprocate along a straight line. The slide-block will 
then be fEistened to a rod 1 1, which can only move in a 
vertical direction through its guides gg. 

" It is kept down by its own weight, or by supplementary 
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weights. To this rod t are fastened two small levers ; the first 
one I, which is in front of the rod, can move only from left to 
right ; the other one t, which is placed behind the rod, can 
move from right to left. The rod itself passes between the two 
metallic curves which drive it ; and these are joined together 
by their ends alone. The lever I is driven by the -curve 
shown with a full line, the lever t is driven by that which is 
partly dotted. 

" When the metallic curves are driven in a straight line 
from right to left, the slide block will occupy the position 
corresponding to the curve shown with a full line, and when 
for the succeeding run it is moved back again from left to 
right, the slide-block will take the position corresponding to 
the curve shown partly with a dotted line. 

" Hence, it is evident that this is a complete solution of the 
question of coimterbalancing winding engines ; and, further, 
it is only to be reconimended when it is not possible so to 
arrange the ropes, that they will produce a constant moment 
of resistance, or nearly so. 

" It is, moreover, to be observed that my design does not 
necessitate any internal gear beyond that in an engine which 
has a fixed expansion ; and that, far from adding to the com- 
plication of Meyer's expansion gear, the internal construction 
IS infinitely more simple. 

" It is, perhaps, true that the expansion gear of MM. Scohy 
and Crespin, and M. Audemar, which we shall describe fur- 
ther on, may present, externally, greater simplicity of design, 
but this is in appearance alone. It matters Uttle if we have 
a few levers more or less on the outside of the cylinder ; it is 
of very great importance not to multiply valve casings and 
valves, and, above all, such thii^ as slide-valves and slide- 
faces, puppet-valves and valve-seats, whose condition should 
be almost perfect to obtain good results. However great 
may be the care bestowed by the builders, this perfect con- 
dition, which may be the fact, perhaps, at first, will soon 
become an impossibiUty." 

Plate XI. fig. 2, represents M. Guinotte's last design for 
variable expansion, which was applied to the engine at " la 
fosse de Reunion " at the Mariemont CoUieries. The gear 
is completely apphed there ; that is to say, the moment of 
the load cannot possibly be made uniform, and, therefore, the ' 
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power of the engine is varied so as always to maintain the 
same relation to the resistance of the load. Thus the period 
of admission of steam varies automatically, so that it amoimta 
to one-half the stroke at the beginning of the run, and is 
reduced to one-tenth at the end of the run, and that there 
is no expansion at all when the cages are " changed." 

The movement of the expansion sHde-block is, in this case, 
obtained without any eccentric. It is obtained for one of 
the points x, by the piston rod and a fixed system of link 
work m, mi, m^, x ; for the second pobit q, by the piston rod 
and system of link work m,, mg, d, q^, which partake of the 
motion of the ordinary sUde valve, by means of the principle 
K of decomposing the motion of an eccentric. The slide-block 
works the expansion sUde, and is moved by the levers ah, be, 
cd, dc, ef, and finally by the handle, fg h. The movement is 
rendered symmetrical and similarto the handle/ g' U by means 
of the levers f' m', m' n', n' n, nm, mf. These two handles 
are so curved that they are depressed by the two moving 
blocks E E' of the Gouteaux bell signal ; and make the 
block K move down in the curved link, and so increase the 
grade of expansion to the proper amount. These cxirved 
handles are so proportioned in length to the run of the cages, 
that when the moving blocks E and E' get beyond their ex- 
tremities, they allow the counterbalance weight I, which is 
placed at the end of the lever If, to bring back the whole 
system of levers with which we have dealt, into the position 
represented in the figure in full lines, idiich position corre- 
sponds to the condition of »o expimaion, which is indispensable 
while " changing " the cages. ' 

The engineman can, at any point in the run, make the 
engine work without expansion by placing his foot upon the 
pedal P. This design then produces in an ingenious and 
practical way an expansion for winding engines which varies 
automatically. 

M. Guinotte's system of expansion has been applied suc- 
cessfully to five winding engines in the Mariemont Colheries. 

After inspecting these engines we decided to adopt it for 
the 250 horse-power winding engine at our "R^som"Pit, 
where the depth of the pit is 665 metres (727*266 yards), and 
will soon be as great as 735 metres (804 yards). M. Guinotte 
guaranteed us an economy of 30 per cent, of coal if we ap- 
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plied his system of expansion to this engine, which had the 
ordinary slides of a high-pressure engine. Its application 
coat us 5000 fr. (£200) for the expansion gear complete, in- 
cluding erection, and 2000 fr. (£80) for the patent-right and 
the inventor's designs. For M. Guinotte gave detailed 
drawings of his system of expansion, as applied to the par- 
ticular case so that each owner may be able to put up the 
work to tender by different firms. He superintends, more- 
over, the execution and erection of the gear, so that anyone 
who decides on adopting his gear may be certain of having it 
properly fitted up. We have adopted M. Guinotte's system 
because we consider that, of all systems which have been 
brought out up to this time, it is the one which produces the 
best results with slide-valves in winding engines. 

This brings us to consider the last system of expansion for 
winding engines, that designed by M. Charles Beer. 



M. CHAELES BEER'S SYSTEM OF EXPANSION. 

The following is the concise description given by M. Beer 
of his own system. 

" My design consists simply in applying the Meyer expan- 
sion gear to the winding engine ; and working the expansion 
by means of an isochronoits govei'nor. 

" This governor can be set so as to give all possible degrees 
of expansion from zero to full admission,' for a variation of 
about five turns between the 'quickest and slowest speeds of 
the engine. 

" It is, however, to be observed that in the case of winding 
engines, very large variations in the grades of expansion are 
useless ; they will never be employed, and I think that the 
following may be fixed as about correct. 

"1. For high-pressure non-condensing winding engines, 
the expansion shoidd vary between three-tenths and six- 
tenths of the stroke. 

" 2. For condensing engines, the grades of expansion may 
vary between one-tenth and six-tenths of the stroke. 

" It will be very easy to ' change ' with an admission of 
six-tenths ; and, between the limits which I have just given, 
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it will be a matter of no difficulty whatever to move the two 
halves of the expansion valves backwards and forwards. 

"Each time that the cages are 'changed' the engineman 
should perceptibly decrease the speed of the engine, and this 
will be quite sufficient to alter the expansion. 

" After ' changing ', when the run is begun the engineman 
must open fully the regulator, without thinking of the speed 
of the engine. The governor must produce its effect. It 
will keep the speed down to limits mathematically calculated 
beforehand. It will settle itself the grade of expansion 
according to the resistance to be overcome. Lastly, it will 
act gradually upon the steam brake, whenever the speed of 
the engine becomes dangerously high. 

" The apphcation of a governor to winding engines supplies 
them with a helper of rare intelligence, and subject to no 
accidents ; one which is actuated by laws which are mathe- 
matically exact, in a more certain fashion than the most 
skilful engineman could work. 

" In the present state of mechanical ecience I scarcely 
think that it is possible to apply expansion gear to winding 
engines, both economically and practically, without employing 
a governor. This is the chief point to which I wish to draw 
attention ; and if I niake mention of Meyer's system, it is 
because I think it a very simple one ; but many other expan- 
sion gears actuated by a governor may be employed to 



" Amongst others, M. Guinotte's design, if the slide-block 
were actuated by the governor, would give excellent results." 

In order properly to appreciate the system, of M. Beer, 
it is necessary to consider the way in which ordinary winding 
engines work. We see that when " changing " the engineman 
admits the steam without any expansion, so as to actuate 
more quickly and more easily the heavy masses which have 
to be put in motion. These masses, in the case of an engine 
of 300 horse-power, are as great as 30,000 kilogs. (66, 1 50 lbs.) 
without including the weight of the ropes. The full pressure 
of the steam is also required when one of the two pistons is 
on the dead point ; and it can only act on one cylinder to turn 
the engine round. In order to obtain the full pressure of the 
steam while " changing," and at any point of the run, where 
an engiae which is not counterbalanced may be working with 
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no steam at all, it will be necessary to give the screw, which 
unites the two halves of the slide of the Meyer expansion 
gear, a great number of turns ; and this seems to be a difB- 
eult thing to do very quickly. It is on this account, as we 
have said, that M. Scohy wished to add to the Meyer sUde 
two supplementary ports and slides, so as to get, instantly, 
the full pressure of steam while " changing," and at any 
point in the run. 

Let us see what happens after " changing " the cages in 
the case of engines which are not counterbalanced ; for, in 
the case of engines which are counterbalanced, where the 
moment of the resistance is constant, a fixed grade of expan- 
sion is sufficient. 

In the case of ordinary engines the engineman opens the 
regulator completely to start them. On account of the inertia 
of the moving masses, and, consequently, of the great power 
required at the start, the firsttums of the engine are made 
slowly ; afterwards, the speed gradually increases, and from 
" meetings " the engineman works his engine at a high speed, 
in order to get the requisite mean velocity. 

This great speed is brought about more easily on this 
account, that towards the end of the run the weight of the 
descending rope is so great that it will tend to draw the load 
up to the pulleys ; and then the engineman must shut his 
regulator and let the engine continue to turn, on accoimt of 
the vis viva of the moving masses ; and during the last few 
turns it will even be necessary to apply back-pressure to 
counteract this vis viva. 

In order to obtain a given speed of winding, we see then 
that it will be necessary to allow the angular velocity of the 
engine to increase, by employing a variable grade of expan- 
sion instead of throttling the steam through the regulator. 
A few figures wiU show more clearly what will be the con- 
ditions of the angular velocity, and the work that the steam 
has to do, during different turns of the run. These figures 
were arrived at, experimentally, by M. Scohy, in the case of 
an engine which was not counterbalanced, and where, there- 
fore, the action of a fixed grade of expansion had to be 
supplemented by throttling the steam through the regulator, 
in order to properly reduce the initial pressure on the 
piston : — 
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Angular Velocity, Initial Preesnrs. 



Metres. Feet. AtmoB. Lbs. 

5th 3-38 11-093 2-90 42-630 

10 4-28 14-046 2-69 39-543 

15 5-06 16-607 2-48 36-456 

20 5-68 18-642 2-28 33-516 

25 6-28 20-610 2-05 30-135 

30 6-28 20-610 1-68 24-696 

35 6-28 20-610 1-48 21-756 

We see, then, that the grade of expansion must increase with 
the angular velocity of the engine ; and that a system of 
variable expansion, which would tend to produce one uni- 
form velocity, would only avoid the evil of throttling steam 
in the regulator, by falling into the still greater error of 
reducing the velocity of the engine too much. 

The governor must then be calculated so as to obtain a 
certain number of turns of the engine, and so as only to 
begin to alter the speed when it exceeds this number of turns. 
It would be necessary, under these conditions, that the 
isochronous governor should make the grade of expansion 
alter proportionally to the resistance of the load, which is so 
variable in the case of engines which are not counterbalanced. 
It would be interesting to see this invention put to the test 
of absolute experiment. M. Charles Beer is at this moment 
applying his system of expansion to a winding engine which 
is nearly counterbalanced, at the Sart-Berleur Colliery, near 
Li^ge. 



EXPANSION BY PUPPET VALVES. 

As steam distributors, these have the following advantages 
over slide valves : — (1.) That of shifting the engine with less 
power than that required by the others, and, consequently, 
changing more rapidly and with greater certainty ; and this 
should keep pace with the increased speed of winding. In 
large engines, the slide valves have become so difficult 
to work that they have to be shifted by a special steam 
engine. This is the case in the pits of St. Arthur de Marie- 
mont. (2.) That of opening more quickly the steam ports 
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to their greatest section ; this will allow us to adopt piston 
speeds as high as 1"80 metre, without fear of having any 
appreciable wire-drawing of the steam from passing through 
a contracted orifice. (3.) That it allows the expansion gear 
to produce its full effect in cutting off the steam instan- 
taneously without appreciable wire-drawing. 

It is urged as an objection to puppet valves, that they 
experience continual jars, which tend to destroy them, and 
sometimes produce an accident. For a depth of 800 metres 
(875 yards), the valves wHl experience forty-eight strokes 
per minute. It is urged, with a certain amount of reason, 
that even the working of these valves will tend to wear them 
out, whilst the long-continued wear of slide valves only tends 
to pohsh the rubbing surfaces (but perhaps also to scratch 
them through the action of the sand which is brought over 
by the steam). We answer to this that it is only necessary 
to guide the valves so as to make them always fall vertically 
on their seats, to make their zone of contact, which is limited, 
to begin with, to three or four millimetres (O'llS to 0'157 in.) 
hammer out and extend itself more and more. In all these 
cases, when the valves are worn out, they can always be 
replaced, as can their seats, in a few minutes. 

The advantages of puppet valves are so thoroughly recog- 
nised in England and Westphalia that one sees nothing elsq 
but this form of valve. Everyone is struck with the preci- 
sion, the speed, and the ease with which the engme can be 
turned round. Moreover, all engineers who have visited 
Enghsh and Glerman mines have come back convinced of the 

Xriority of admitting steam by means of puppet valves. 
, they have not been backward in adopting them, both 
in France and England. At the Paris Exhibition, Messrs. 
Quillacq and Co. of Anzin, showed a vertical engine worked 
by puppet valves. We remember, also, to have admired a 
horizontal winding engine exhibited by Messrs. Schneider 
and Co., of Creuzot, where the admission of the steam was 
made by means of double-beat valves whose throw was 
determined by two eccentrics, and the curved links of 
Stephenson's link motion. 

All these valves were designed for an admission of high 
pressure steam, as in England, It remained to arrange them 
so as to work expansively. This improvement Mr. Audemar, 
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engineer of the Blanzy Mines, has been the first to pnt in 
practice. 



VAEIABLE EXPANSION BY MEANS OF 
PUPPET-VALVES. 

Mr. Audemar adds to the ordinary high-pressure valves, 
a special expansion valve which the engineman opens more 
or less, according to the required grade of expansion. The 
movement of this valve is produced by a cam with bosses, by 
means of a lever and a friction-roller. This cam has two 
motions, a rotation transmitted ofF the main shaft ; and a 
longitudinal motion along its own shaft produced by the 
reversing lever. The two bosses on this cam, which corre- 
spond, the one to going forwards, and the other to going 
backwards, are so placed that in the central position the 
valve is altogether shut and the engine does- not go round. 
At both extreme positions the valve is constantly open and 
the engine works with no cut-off. Between these two posi- 
tions, the valve is open through a greater or less portion of 
the stroke of the piston. 

If the cam were directly coupled to the Stephenson's link, 
it would only be possible to obtain a high grade of expansion 
by approaching the link to its middle point, and, consequently, 
by greatly diminishii^ the throw of the valve, and, therefore, 
the opening of the steam ports. Therefore, Mr. Audemar 
connects the cam and the link by two toothed segments of 
which one, that on the cam, describes a very snoaJI angle, 
whilst the other describes nearly a complete circle. The 
result is that the steam ports maintain a very large opening 
even when the cam has been moved into a position to pro- 
duce a high grade of expansion. 

Mr. Audemar's system has been applied with success to 
all the heavy winding engines belonging to the Blanzy 
Company. 

It has also been used with equal success at the Esp^rance 
collieries, at S^raing, by M. Borgnet, resident viewer, M. 
Godin, manager, and M. Demanet, engineer. These gentle- 
men have been amply recompensed by the experiment that 
they were the first in Belgium to make, of applying equili- 
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brium valves to the admission of steam, and M. Audemar's 
valve to produce a variable expansion. 



VARIABLE EXPANSION BY PUPPET VALVES, 

INVENTED BY MESSRS. BRIALMONT AND KRAFT. 

M. Brialmont, having to build an engine with a variable 
expansion for the Ougr^^e Colliery, considered that the special 
expansion valve of M. Audemar made a sort of double cut- 
off with the high-pressure valves, and that this would be all 
the more troublesome because when the Audemar valve had 
cut off" the steam it stopped for an appreciable time between 
this valve and the high pressure valve. He, therefore, intro- 
duced au expansion valve worked by a cam, with bosses 
corresponding to each high-pressure valve. 

This necessitated the use of a cam for each valve, or foiir 
cams for each cylinder. M. Kraft, when he came to design 
our winding engine, devised a means of working at one time 
the two steam valves of each cylinder and the two exhaust 
valves by means of two cams on one shaft, o, turned round 
by the engine. 

We have shown on plate IX. figs. 3 and 4, this system of 
expansion, which is highly creditable to Messrs. Brialmont 
and Kraft. 

As is seen in fig. 3, each cam, n and m, has two bosses, one 
for turning forwards and one backwards. The form of these 
bosses regulates the opening of the steam and exhaust 
valves. Fig. 4 shows that the shaft o turns the cam n, and 
makes it lift, by means of the friction-roller g, and the levers 
I and p, the steam valve *'. The form of the boss, n, then 
lets the roller g make the valve s/ drop upon its seat, and 
cut off the steam instantaneously, so as to allow the expansion 
to produce its full effect without appreciable wire-drawing. 
The shaft o, as it continues to rotate, makes the cam n lift 
the roller ^, and works, by means of the lever f, the other 
steam valve so as to produce the back stroke of the piston. 
As for the exhaust valve, it is clear that at the same time 
that the cam n opens the steam valve, the cam m works the 
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roller r and, through the levers / and p, lifts the exhaust 
valve 6. 

If the engineman moves the cams longitudinally along the 
shaft and places them in mid-gear, instead of in the position 
represented in fig. 3, he then stops all steam from going in 
or out. If he places the cams in their extreme position or 
full gear, it admits the steam without any expansion. 

By means of one lever only, that for shifting the cams, the 
engineman can then make the engine turn a head or turn 
backward ; and, in either direction, he can make it work 
either with t^e full pressiwe of steam or any grade of expan- 
sion he pleases. 

According to this system, then, the two eccentrics and 
Stephenson's link, which are used for each of the two 
cylinders of the engines as usually arranged, are altogether 
done away with. 

The engine can now be turned round wonderfully easily. 
At the Ougrde CoUiery, where the regulator was kept entirely 
open, and where the engine worked with a vacuum, the 
engineman could make the crank turn backwards and for- 
wards by a simple movement of the cams. It is to be observed 
that when, instead of moving four cams for each cylinder 
the engineman need only move two cams, the engine can by 
this be turned round much more easily. Nothing can be 
conceived more simple, more easy, and more mechanical than 
this arrangement of expansion gear and valves. The most 
remarkable point about it is that it induces the engineman 
not to touch his regulator at all, but to produce all possible 
movements of the engine, by moving one lever alone, in- 
cluding the change in the direction of motion, and also 
quickening or slowing the speed of the engine. The engine- 
man will not be tempted to touch a second lever, that which 
works the regulator, unless an accident should happen to 
some of the gear for the admission of steam. It will be an 
inevitable consequence, that for throtthng of the steam 
through the regulator will be substituted working expamMvely, 
the most rational and economical way of working that has 
been designed. 

Is it a valid objection to this system that by it the expan- 
sion cannot be varied automatically ? Certainly not, since 
we can with certainty obtain a constant moment of resistance 
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by using rope-rolls and aloes ropes, or, again, by spiral drums 
so constructed as to counterbalafice round steel ropes.* 

It is, therefore, necessary to employ one fixed grade of 
expansion throughout nearly all the run, and place the lever 
which works the cams into the notch corresponding to this- 
grade. It is only towards the end of the run that the engine- 
man need increase the grade of expansion, then stop all 
admission of steam, and let the cage be bfted to the bank by 
the vis viva of the moving parts. 

According to the Seraing system of variable expansion, it 
is possible also to produce, automatically, a variation of the 
expansion proportional to the variation in the resistance, by 
replacing the cams by a piece of mechanism analogous to 
that designed by M. Guinotte for his slide valves or piston 
valves. 

It is to be observed that it is of great importance so to 
counterbalance the ropes as not to necessitate a great change 
in expansion, for, otherwise, a great part of the power of the 
engine is wasted. 

In that case the friction inherent to an engine working 
with a vacuum, becomes of great importance, particularly 
■ with high speed ; and that the useful effect of the engine is 
reduced in proportion. M. Burat quotes on this subject 
the engine of Sainte Marie de Montceau, which works expan- 
sively and developes 277 indicated horse-power, measured by 
a Watt's indicator, to produce only a useful effect in the pit 
of 92 horse-power, that is to say, only 33 per cent, of the 
former. However, when the engine of the Saint Pierre Pit 
was made to work at full power they obtained a useful effect 
varying from 64 to 59 per cent, with a grade of expansion 
from one-half to one-third. In order that the resistance, 
although it be considerable, should be in proportion to the 
size of the cylinders, the grade of expansion must not be 
varied to any great extent. Moreover, if the expansion is to 
be varied automatically, it will always be necessary to couple 
up the machinery, and this will complicate the engine. 

We see, then, that the best winding engines, that is to say, 

* It is to be remarked that spiral drams enable us to get a great speed of 
-mndingwith bat a small piston speed, and above all with bat a smaU nmaber 
of turns of the engine, and this is of the gi-eatest possible advantag;e in actual 
work. Of coarse, it necessitatea larger cylinders, 
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those which have great simplicity in the machinery, and also 
great economy of ropes and coal, have (1) scroll drums for 
round steel ropes ; (2) an engine with expansion gear, of fixed 
or moveable grade at will, and with the Seraing valves.* 



POSITION OF WINDING ENGINES. 

The small distance which there is at our colliery between 
the winding engine and the pit, as well as the confined space 
which we have for the engines, have made us adopt engines 
with vertical cylinders. It is a recognised fact that vertical 
engines possess the following advantages : — 
■ 1. They avoid the unequal wear of cylinders and piston 
rods, whereas, in spite of the long stufting-boxes and guides 
which are employed at the back end of horizontal cylinders, 
it is impossible to prevent the slides from being much worn 
after several years, and the weight of the pistons from wearing 
unequally the cylinders and making them oval ; and this 
necessitates heavy expenses when they have to be replaced. 

2. They enable the drum-shaft to be lifted up so high as 
to diminish the inchnation of the ropes considerably. 

3. They enable the engineman to be nearer to the pit-top, 
and this is of the greatest importance to prevent the possi- 
bility of the cages being over-wound. When the speed of 
winding is as high as from 10 to 15 metres per second (10'936 
to 16'404 yards) the slightest inattention or the slightest con- 
fusion in the signals might cause a cage to go over the puUeys 
at a speed which nothing could withstand. It is well known 
that good safety hooks will hold up the cage, but they allow the 
rope to be hurt. When, however, the engineman is so near 
to the pit-top that he is, as it were, close upon it, he can 
work Ms engines with a speed and safety which are much 

* If WB consider the Bgnrea given by M. Bnrat of the annual cost in coal 
(from 40,000 to 100,000 fr.) necessitated by winding 100,000 tons of coal, we 
shall see how frightfully costly it is, in fuel, to adopt cylindrical dnuas or 
rope-roUs for steel ropea in. winding from a great depth ; on acconnt of the 
eseessive Tariation in power required, resulting from the large diameters of 
the drams which are necessary in order to preserve the ropes. The increase 
in the cost of fael wiU then largely exceed the annual saving of from 2700 
to 5000 fr., which will result from employing round or flat steel ropes instead 
of aloes ropes. 
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greater than is possible when he is 30 metres off {32'809 
yards), as is the case with horizontal engines. 

Unfortunately, vertical engines, by necessitating the drum 
shaft to be so far removed from the foundation on the groTind 
level, require two heavy parallel walls to prevent its being 
drawn towards the pit top ; and these strengthened by enor- 
mous counter-forts. These heavy foimdations hide from the 
engineman's view the valves and valve-gear, when he stands 
at the level of the drum shaft. This objection is got over in 
the case of horizontal engines, which give to the whole 
framing the greatest possible steadiness by placing the drum 
shaft on the ground, and enabling the engineman to see the 
whole of his gear. 

In order to make these grave objections to vertical engines 
of as little importance as possible, M. Kraft has carried his 
drum shaft upon a group of cast-iron columns, without any 
masonry walls whatever ; so as to enable the engineman to 
see all his gear at the same time ; and has tied the head 
gear to this cluster of columns by an enormous wrbught-iron 
box girder. 

This tying of the head gear to the winding engine, which 
we are employing at the Grand-Mambourg Colliery, near 
Li^ge, is shown on Plate IX. It represents an immense 
framing where all the strains from moving forces and resist- 
ances are placed in equilibrium and neutralise each other. 

For the weights hanging in the pit transmit their pressure 
to the pulley axle, o, by means of the ropes n p and ti m ; and 
tend to draw this axle towards the pit. We may resolve the 
resultant of these forces into two forces, as follows ; — A 
vertical force -o tending to lift up the drum-shaft, which is 
counteracted by the weight of the drums, and the ties and 
bolts which tie the framing down to the foundations. The 
other force A, in a horizontal direction from the entablature 
of the engine, and tending to puU it over towards the pit, that 
is to say, towards the end a of the girder a b. The winding 
engine, on the other hand, exerts a force by means of the 
ropes np and n m, which tends to draw the head gear towards 
the engine. The girder o J is placed there to resist this 
thrust and makes it re-act upon the cluster of columns which 
carry the drums. 

We may split up this force again into two, one V acting 
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vertically and counteracted by the resistance of the columns 
and foundations to a crushing strain ; the other, H, acting 
horizontally along the entablature of the engine, which tends 
to counteract the thrust h towards the pit, which we have 
mentioned before. 

We see, then, that the effect of the two forces acting at 
the points a b may be resolved into (1) their horizontal com- 
ponents meeting in the entablature m a, and neutrahsing each 
other; (2) two vertical components easily resisted by the 
foundations. It is, therefore, evident that it will be no longer 
necessary to carry the drum shaft on blocks of masonry, but 
that a cluster of cast-iron columns which expose to view the 
whole engine will answer as well. An iron head gear con- 
sisting of two vertical lattice girder legs and two struts, is 
unusually simple. The fact that it will not catch fire is an 
advantage which can scarcely be over-rated, considering the 
fires which have recently destroyed the wooden head gears 
at Mont-Saint Aldegonde, and at Sebastopol Pit, at Trieu- 
Kaisen, and have caused such disastrous consequences. 

The plan of tying the head gear and the winding engine 
together is altogether both bold and rational ; it is the design 
ofM. Kraft. 

The numerous improvements which have been made in 
different details of the engines, drum, steam brake, steam 
valves and gear worked by the engineman, have been due, 
together, to M. Kraft and M. Deney, the engineer at the 
Cockerill Works, who had charge of the drawings for these 
engines. 

We have entered at so great length into the recent pro- 
gress that has been made in winding engines, that we cannot 
spend time over these questions of detail. Moreover, the 
drawing of the engine will supply these. 



BOILERS GROUPED ROUND THE FURNACE. 

We cannot, however, leave off without mentioning our 
• system of boilers. 

On the score' of economy of coal, questions relative to 
boilers are of the highest importance in coUiery work, if one 
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considers that the ranges of boilers supply more than 600 
horse-power, and that it is possible to realise a very great 
saving by having boilers which will allow of a good combus- 
tion, and a greater or less absorption of the radiant and 
conducted heat resulting from it. 

The author adopted, with this view, the system of coupled 
boilers designed by M. Paul Havrez, and detailed in the 
Revue dea Mmes in 1863. 

According to this plan, two heaters round a furnace are 
coupled up to one ordinary boiler, and this enables them to 
absorb the radiant heat as perfectly as Cornish boilers, and 
at the same time gets rid of the objections to these, viz., im- 
perfect combustion, large diameter, thick plates, weight, 
costliness, complication, etc.", and gives them, as well, the 
advantages of boilers consisting of heaters and reheaters, 
without the corresponding disadvantages, viz., good combus- 
tion and simple and cheap construction, without many costly 
fire-bricks, and imperfect absorption of the radiant heat. Our 
line of boilers, which has now worked successfully for four 
years, gives out more than 300 horse-power. 

The collieries of Poirier and Mont-sur-Marchieime have 
also just adopted it. It has produced the following results : 
— During an experiment which lasted seven and three-quarter 
hours, and under a pressure of from two and a-half to three and 
a-half atmospheres, we have produced 10'56 kilogs. of steam 
with 1 kilog. of coal, and 17 kilogs. of steam per square 
"metre of heating surface per hour {31 '337 lbs. per square 
yard). A long series of experiments has produced six results, 
consistent with each other, and with the best possible con- 
ditions for combustion and utihsation of the heat developed. 
The Charleroi section will be invited to examine this system 
of boilers, and it wiU also be made the subject of a special 
paper.* 

• In the first series of CTperiments, which laated four hours, and was made 
before a deputation consiating of Messrs. Depoitier, mining engioeer, and 
Mai'oqnin, chief engineer of the Conillet and Chatelineau works, it was 
proved that 1 kilog. of coal eyaporated 10'49 kilogs. of water at a pressnre of 
from three and a-quarter to two and a-quarter atmospheres (10-491bB. of 
water with 1 lb. of coal), and that 1 square metre of heating siurface evapo- 
rated 18 kilogs. of water per hour (33-18 Iba. of water per square yard). It 
s to work oat the results for a pressure of three and a-balf atmo- 
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The capital results given by this arrangement of boilers 
come from the following facts : — 

1. It admits of a perfect combustion. 

2. It enables the plates to absorb all the radiant heat, and 
to carry off almost immediately all the flame from this heat, 
so that the combustible gases can become cooled over a com- 
paratively small boiler surface. The small quantity of heat 
which is wasted round the furnace and in the chimney, aflfords 
an explanation of its extraordinary economy. 



CONCLUSIONS. 

In designing new sets of winding machinery we must, 
therefore, employ the following ; — 

1. M. Lambert's system of pit guides. 

2. Cages and trama built of mild steel. 

3. Kound ropes made of mild steel, tapering as far as 
possible, and, in order to preserve them and counterbalance 
them when at work, spiral drums in which the pitch of the 
helix and the size of the groove increase proportionally to 
the distance of each point from the vertical plane through 
the pulley. 

4. High-pressure winding engines, with a high grade of 
expansion, either fixed or adjustable at will, and with the 
Seraing valves. 

5. The coupled boilers of M. Paul Havrez, which are 
economical both in fuel and in the first cost of the apparatus. 



^yGoO'^lc 



WINDING MACHINERY. 



APPENDIX A. 



SIZES, "WEIGHTS, AND STBENGTEB OF EOPES OE 
VAEIOra MAEEES. 
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3 




9 


2 


H 


2} 


4 


36 


M 


18 


3 




10 


2 


6 




^ 


40 


60 


20 


3 




11 


2 


6i 


1 


H 


44 


66 


22 






12 


2 


7 


6 


48 


72 


24 


3 


13 


3 


n 


5i 


62 


78 


26 


4 


14 


3 


8 


6 


56 


84 


28 


*i 


15 


3 


9 








60 


90 


SO 


4 


16 


3 


10 


2J 


61 


64 


96 


32 


n 


18 


3 


11 




H 


72 


108 


36 


4 


20 


3 


12 


1 


8 


80 


120 


40 


5 


22 


3 


13 


9 


88 


182 


44 


51 


26 


4 


15 


Si 


11 


104 


156 


52 


6 


S3 


4 


20 


4 14 


132 


198 


66 



„Gooi^lc 



Messrs. E. S. Newall & Co. 

(Oontimied). 



FLAT WIEE HOPES. 


Iron. 




NewaU'e 


BqTuvalent 




improved eteel. 


Btrmgth. \ 


Size in 


Lbs. per 


Size in 


Lbs. per 


Size in 


Lbfl.per 


Working 
load. 


BreaWug 
etr&in. 
Tons. 


inchee. 


fathom. 




fathom. 


incheH. 


fotbom. 


Cwt. 


2 


X 


10 


— 


_ 


— 


— 


32 


16 


^ 


12 


— 


— 


— 


— 


40 


20 


2 


X 


14 


— 


— 


— 


— 


48 


24 


3 




16 


2i X 
2 X 


10 






56 


28 


3 


X 


18 


12 





__ 


64 


32 


3 


20 


2 X 
2 X 


14 


2 X 
2 X 


10 


?2 


36 


3 


X H 


22 


14 


10 


80 


40 


4 


X U 


25 


3 X 


16 


12 


88 


44 


i 




28 


3 X 

3^ X 
3i X 

3 X 

4 X 











96 


48 


4, 


X 


SI 


18 


2ix f 


14 


104 


52 


4, 


^ 


34, 










112 


56 


4^ 


36 


20 


nil. 


16 


120 


60 


— 




31 


20 


160 


90 






Ironropt 


■ ^**^ proved BteeL 






Gwt. 


Cwt Cwt. 


Working load fo 


r inclinea per lb. per fathom 


... 6 


.. 10 ... 14 


„ 


pita „ 


... 4 


.. 7 ... 10 




" 


... 40 


.. 70 ... 100 



„Gooi^lc 



WINDING MACHINERY. 



Habtlepool Patent Ropery Company. 



BOUND WIEB EOPBS. 1 


Hemp. 


Cluucoaliion 


steel. 


Equivalent 
Htrengtli. 


CiTcuju- 
ferenoe. 


LbB. p«r 
fathom. 


ference. 


Lbs. per 
fathom. 


Cmjum- 
ference. 


Lbs. per 
fathom. 


Worlmg 
load. 
Ot. 


Breaking 
strain. 
Tone. 


21 


2 




1 


— 


— 


6 


2 








IS 


1 


1 


9 


3 


3i 


4 


2 






12 


4 




— 


2i 


IJ 


11 


15 


5 


H 


5 


3 






18 


6 






2 


3i 


1 




21 


7 


H 


'i 


2 
2 
2 

2 


4 


n 


24 


8 






*t 






27 


9 


6 


9 


5 

55 


If 


3 


30 
38 


10 
11 


6i 


10 


6 


2 


Si 


36 


12 




— 


2 


6f 


1 


4 


39 


13 


r 


12 


2 


7 


ii 


42 


14 


— 


— 


3 


n 






45 


15 


n 


14 


3 


8 


2t 


5 


48 


le 




— 


8i 




— 


51 


17 


8 


16 


9 


2 
2 
2 


H 


54 


18 






3 


10 


6 


60 


20 


8i 


18 


3 


11 


6i 


66 


22 






3 


12 






72 


24 


9i 


22 


3 


13 


3i 


8 


78 


26 


10 


26 


4 


14 







84 


28 


— 


— 


4 : 15 


31 


9 


90 


30 


11 


30 


4 . 16 




— 


96 


32 


— 


— 


4 : 18 


SS 


10 


108 


36 


12 


34 


4 20 


31 1 12 


120 


40 









FLAT WIEE EOPES. 








Hemp. 


-^1.- 


Patent steel. 


Equivalent 
sfrengtl.. 


Size in 


Lbs. per 


Size in 


Lbs. per 


Size in 


Lbs. per 


Working 
load. 
Cwt. 


Breaking 
strain. 
Tons. 


inehes. 


fathom. 


mohes. 


fathom. 


inches. 


fathom. 


4 X 1 


161 


2i Xi 


10 


_ 


_ 


35 


16 


41 X 1 




20 


21 X 
2}x S 


12 


— 


— 


40 


18 


5 X 1 




24 


14 


1 


X i 


8 


60 


23 


61 X 1 




26 


3 X 


16 


2 


X 


10 


60 


27 


6 xl 




28 


%h 


18 


a 


X 


12 


70 


32 


1 X 1 




36 


20 


2 


■x* 


14 


80 


86 


8i x2 




4» 


4 X 


25 


3 X 


16 


100 


40 


Six 2 


_ 


46 


.«xl 


36 


3 


1 x t 


20 


1 110 


46 



„Gooi^lc 



Haggie Brothers. 



BOUMD BOPB. 



Tarred 


liemp. 


Wlite manilla. 


Ciharooal 
iron wire. 


SWelTriie. 


SS^' 1 




LbB. 




Lbs. 




LbB. 


Ciiomn. 


LllB. 


Work- 
ing 


Break- 

stcun. 
Touh. 


In. 


fatliom. 


In, 


fathom. 


In. 


fathom. 


In. 


fathom. 


Cirt. 


2 


1 


2 


\ 


1 


1 


_ 


_ 


6 


2 


2 
S 

41 


2 


^ 


1 


U 


U 


1 


1 


» 


3 


i 


3 


If 


If 








15 


6 


6 


3 

4r- 


^ 


■2 


3s 


1* 


2 


21 




5 


8 


3 


2 


d 


1! 


3 


27 


9 


6 


9 


42 


3 


2 
2 


51 


2 


«i 


33 


11 


«i 


11 


5 


3 

5 


'I 

8} 


2t 


41 


39 


13 


7 


12 


6 


3 


2« 


5 


45 


15 


n 


14 


6 


5 


3 
3 




— 


51 


17 


R 


16 


6 ■ 


6 


10 


2« 


6 


60 


20 


w* 


18 


6 


Ki 


3 


12 


3 


n 


72 


24 


9 


20 


7 


? 


4 


14 


3i 


8 


84 


28 


10 


26 


H 


«i 


4f 


16 


— 


— 


90 


30 


11 


30 


83 


11 


4i 


18 


3i 


Id 


108 


36 


12 


36 


n 


U 


5 


21 


4 


14 


116 


40 


14 


48 


n 


15 


-H 


26 


— 


— 


128 


50 


16 


64 


10 


16 


6 


32 


— 


— 


130 


65 


— 


— 






— 


— 


— 


— 


— 


— 



Hemp. 


Charooalwire. 


Stt«lwire. 


strength. 


1^1 


Lbs. 

per 

fathom. 


III '™ 


i Lbs. 
1 fc&.. 


1 


Lbs. 
fathom. 


a' 

Cwt. 


Break- 
Tons. 


3im 

f 
5 
5 
5 
6 

? 
I- 
f 


10 

If 
22 

1 

80 
36 
411 
ffl 
55 
66 
72 


4iii. 10 
4} '1 13J 

4 ' 26} 
7 : 28 
71 32 
81 ; 39 
9 I 47 
94 i 52 

10 68 

11 1 70 


2Jin.! 11 
2| ' 13 
2| 14 
2J 15 

3 1 16 

81 j 18 
3} ; 20 

4 26 
4 28 
41 32 
4 34 
6 40 


2 m. 

P 
31 


10 
11 
13 

16 
151 
16 
18 

20 


44 
62 
66 
60 
64 
67 
70 
72 
80 
100 
112 
128 
136 
146 


20 
23 
24 
27 
29 
30 
31 
32 
36 
45 
60 
66 
60 
70 



„Gooi^lc 



winding machinery. 

Glaholm and Bobson. 
eound eopes. 



Hemp. ! 


tion. ". 


Iron. 


Steel. 


Bquiv. strength. 


Circum. 


LbB.pet 


LbB. par 


Ciioom. 


Lbs. per 


Circnm. 


LbB. per 


Workmg Brkn^. 




fathom. 




In. 


fathom. 




fathom. 


Cwt, 


Tons. 


n 


2 


U 




1 


_ 


_ 


5 ; U 1 


5 


21 


2 




U 










3i 


3 


34 




14 


1 


1 




3 




4 


Si 




2 


li 


li 


10 


4 


4 


44 


31 




24 


14 


14 


12 


4J 




5 


4 


li 


3 






15 




6 


6 


5 








2 


17 


7 


B* 


7 


&t 




4 






20 


74 


64 


8 


6i 


2 


44 


If 


24 






6 


84 


7 


2 


5 


11 


3 


24 


94 


6i 


9 


7i ' 


2 


54 






26 


10 


6i 


10 


8 


2 




2 


34 




11 


61 


11 


9 


2 






4 


30 




7 


12 


9* 


2 


7 


Si 


44 


83 


14 


n 


124. 




3 


74 


2i 


5 


36 


IS 


7i 


13 


101 




8 






38 




7i 


14 


114 


34 


84 






40 




8 


154 


12 


»i 


94 


24 


64 


43 


18 


8i 


16 


12 




10 


2* 




47 


184 


Si 


17 


124 


8| 


11 


Si 


64 


51 






19 


14i 


3} 


12 




74 


60 


204 


9i 


22 


16 




13 




7* 


63 


24 


10 


26 


21 


4 


14 




6 




28 


10* 


27 


22 


* 
4 


144 






70 


30 


IC^ 


28 


22J 


16 


8i 


9 


76 


32 


11 


30 






16 






80 




llj 


32 


25 




18 


34 


10 




36 


12 


84 


27 


4 


20 


H 


12 


95 


40 


124 


354 




4 






13 


100 




13 


87 


1 asi 


e 


m 


4 


14 


110 


44 



FLAT BOPES POE PITS. 



Enssian hemp. 


Combnd 


hemp. 


fxon. 


St^el. 


Eaniv 


at^h. 


^ 


LbB. per fm. 


LbB. per fm. 


■^ 


M 


4 


^a 


f« 


fw 


n 










a 


is 


^i 


'^ 


6»td. 


4Btd. 


6std. 


4 


144 


_ 


124 


_ 


S 


13 


_ 


_ 


36 


14 


44 






16 




14 






40 


16 


44 


ia4 




16 




Si 


16 






50 


18 


5 


22 




194 
















64 


26 




234 




2f 


15 


s 


10 


64 


20 


6 


31 








3 


16 




11 


60 




5 




17 




144 


»4 


20 


24 


13 


70 


83 


6t 




19 














42 


16 






23 




20 










50 


20 


64 


- 




— 


2!J4 


- 


- 


- 


- ■ 




21 

26 












3i 




Si 


15 


80 


37 












f 


26 


3 


16 


90 














44 




34 


18 


110 


50 


_ 


— 




— 


— 


44 




84 


20 


180 


68 
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log 



Cbaven & Speeding Brothers. 



SOUND BOFES. 


Hmp. 


Charcoal iron 
wire. 


steel. 


EqniTJ.nl 

a^ngth. 1 


feceuce. 
In. 


Lbs. per 
fathom. 


Dia. Cir 

InoheB. 


Lbs. per 
fatiiom. 


Circnm. 

ference. 

In. 


Lbe.per 
fathom. 


load. 
Cwt. 


BraJdne 
almin. 
Tons. 


2 


1 


A 1 


1 


_ 


_ 


2 


1 


2 


2 


i n 


2 


1 


1 


4 


2 


3 


i 


A H 


3 





— 


8 


4 


% 


e 


S 2 


4 


If 


2 


12 


6 


5 


8 


« 2 


5 


15 


8 


15, 


8 


6 


9 


¥^ 


6 


2 


H 


18 


10 


H 


11 


7 


u 


4 


22 


12 


? 


12 


1* a' 


8 


s' 


25 


14 


n 


14 


lA 3 


9 




— 


30 


16 


8 


16 


If 3 


10 


2| 


6 


3S 


18 


8i 


18 


lA 3 


12 


3 


?4 


38 


20 


■ 9 


20 


1 4 


14 


3J 


R 


40 


22 


10 


26 


1 M 


16 






45 


28 


11 


30 


lA 4i 


18 


3i 


10 


60 


34 


12 


36 


1 5 


21 


4 


14 


55 


40 


14 


48 


1 H 


26 


■ 





65 


54 


16 


64 


1 6 


32 


— 


— 


75 


?0 



PLAT E0PE8. 



Hemp. 


Chj^ 


Steel wire. 


Equivalent | 
strength. | 


Breadth 
four 

In. 


LbH. 


Br««lth 

stranda. 
In. 


Lba. 


4 


Ll«.per 
fathom. 


Id 


Lbs. 
fathom. 


Work. 
Cwt, 


Break- 
Toiu. 


H 

4 

5 

1 

6 
f 

I- 
f 


10 

22 

28* 
30 
36 
41J 
4S 
55 
63 
72 


1 
6 
6 
6 
7 

si 

9 

95 
10 
11 


10 
13i 
17i 
20 
22J 
241 
26| 
28 
32 
89 
47 
52 
58 
70 


2 
2 
2 
3 

3} 

4 

i 


13 
14 
15 
16 

18 
20 
25 
28 
32 


2 

2} 
4 

34 


10 
11 
IS 

16 
151 
16 
18 

20 


14 

20 
22 
26 
SO 
38 
« 
46 
60 
66 
60 
70 
86 
120 


16 
1? 
18 
21 

24 
26 
28 
81 
34 
37 
40 
46 
60 
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106 



WINDING MACHINERY. 



Messes. "Wilkins and Weatheely. 



STEEL AND CHARCOAL lEON WIEE EOPES. 



EqmvaJeiits in hemp. 



16 
14 

it 



;;j 



13 
12 
llj 
11 
lOJ 
10 
9S 



Lbs. per 
fatliom. 


WorkMg 
load. 
Cwt. 


Breaiing 
stnun. 
Tons. 


3? 


160 


48 


33 


135 


41 


31 


120 


36 


30 


106 


33 


29 


96 


29 


28 


84 


25 


26 


re 


23 


22 


70 


21 


20 


66 


19 


16 


67 


17 


14 


60 


15 


12 


46 


14 


10 


42 


13 


9 


36 


11 


8 


34 


10 


? 


28 


9 


6 


24 


7 


S 


22 


«4 


4i 


20 


6 


4 


18 


5 


3-! 


16 


4 


3 


10 


3 


2J 


8 


2* 


2 


6 


2 



FLAT EOPES. 



Patent flteel wire. 


Iron wire. 


Equivalents 


in hemp. 




Size in 


Lie. per 


sue in 


Ll)s.per 


Size in 


Lbs. per 


Workinif 
load. 
Cwt. 


Breaking 
Tone.' 


incheB. 


fathom. 


inches. 


fathom. 


inches. 


fathom. 


4 X 1 


34 


6 X 1 


69 


13 X 3 


98 


210 


85 


* ^H 


28 


5Sx 1 


48 


lU X 2 


78 


176 


70 


3 X f 


24 


6 X i 


39 


10 X 2i 


63 


145 


58 


m 


21 


32 


84 X 2 


52 


120 


48 


18 


4xH 


28 


71x2 


45 


105 


42 


.3 X 1 


16 


3 XH 


26 


7 X 1 


42 


92 


37 


;in 


14 


24 


6ixl 


39 


82 


33 


12 


21 


6 XI 


34 


72 


29 







3 X 
3 X 


18 


6- X 1 
6- X 1 
61 X 1 


29 


60 


24 


nil 


11 


16 


26 


52 


21 


9 


ir 


14 


24 


45 


18 






12 


5x1 


22 


40 


16 


— 


— 


11 


4x1 


20 


35 


14 
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DtSON, COEBITT, ASB SPENCEE. 
EOXJND EOPE. 



Hemp. 


Iron. 


Steel. 


Ex. strg. ste«1. 


EqniT. Htren^.l 


Oircum.Lbs.pCT 


Circum 


Lbs. per 


Ciromn 


Lbs. per 


Oiiy^iim 


LbH.per 


Workg 
load. 
Cwt. 


Braihg. 
etrain. 
Tons. 


In. fatliom 


In. 


fatliom. 


In. 


fathom 


In. 


fathom. 


2' 


2 


1 


_ 


— 


_ 


_ 


« 


2 








li 


1 


1 






9 


3 


n 


4 


2 






_ 


_ 


12 


i 




— 


25 


it 


U 


1 


1 


15 


5 


^ 


5 


3 


2 


14 


1* 


18 


6 








34 














H 


7 


4 


4 


u 


'M 


IS 


2 


24 


8 






4i 










27 


9 


6 


9 


5 


IS 


3 


— 


— 


30 


10 


— 


— 


2 


H 


2 


3* 


if 


as 


33 


11 


6i 


1(1 


2 


6 










36 


12 






2 


m 


2i 


4 


IJ 


3 


39 


13 


7 


12 


2 


7 











a 


14 








3 


n 


21 


■H 








46 


15 


n 


14 


s 


8 


.5 


2 


3* 


48 


16 






t 


«* 










51 


17 


8 


16 


9 


2I 

2| 
2| 


•M 


2i 


4 


54 


IB 








3 
3 


10 


6 







60 


20 


»4 


IH 


11 


B5 


2 


4J 


66 


22 







S 


12 


? 


2 


5 


72 


24 


n 


n 


3 


13 


3 


'i 


2 
2 


.W 


78 


26 


10 


m 


4 


14 


3 




« 


6 


84 


28 








% 


15 


3 




9 








90 


SO 


11 


30 


16 


3 




10 


21 


81 


96 


32 








*l 


18 


3 




11 


3 


?l 


108 


36 


12 


Hi 


20 


3 




12 


3S 


8 


120 


40 



FLAT E0PE8. 



Iron. 


Steel. 


Ei. atrang steel. 


Kqniv. strength. 


SiMin 
lucheB. 


Lbs. per 
fathom. 


Sbem 
inches. 


Lba. pet 
faHiom. 




Lbe. per 
fathoin. 


Working 
I0.4. 
Cwt. 


Breaking 
Tons. 


2 X 


10 


— 


— 


— 


_ 


« 


18 


2 X 


12 


_ 


— 


— 


— 


48 


20 


2 X 


14 


— 


— 


— 


— 


56 


24 


3 X 


16 


2 X 


10 


^ 


— 


64 


28 


3 X 
3 X 


18 


2 X 


12 


^ 


— 


72 


82 


20 


2 X . 


14 


2r X 5 


10 


80 


36 


S x^- 


22 


2 X 


14 


2I X 5 


10 


88 


W 


4 x|x 


25 


3 X 


16 


Sj X 5 


12 


100 


45 


4- X 
4- X 
4^ X 
4 X 


28 


3 X 


— 


— 


— 


112 


50 


31 


3 X 


18 


2f X 1 


14 


128 


56 


34 


3 X 
3 X 







- 


136 


60 


36 


20 


3 X i 


16 


150 


64 
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winding haghinekt. 
George Cradock. 

BOUND WntE EOPE. 





. ROPES OP EQTJTVAIENT STRENGTH. 


1 


I,npr.vrf,l„l. 


Ordinary ateeL 




Hemp. 1 


Ciroum. 


Lbs. per 


Ciroom. 


Lbe.pei 


Circum. 


LbH.pei 


Cirenin. 


Lbs. per 


Brkng. 

Btroitt. 

Tons. 

2 


load*' 
Cirt. 












fathom. 


In. 


lathom 


_ 


_ 


i 


1 


_ 


_ 


31 


H 


6 






H 


H 


IS 








Z^ 


8 




1 




li 


21 




4 




13 


1 


- 


1+ 


2 


S' 


3 
31 


3 


S} 


tf 


16 
17 


IS 


U 


1* 


H 


2J 


4 
41 


5 


P 


? 


Sf 


li 


2 


li 


3 
3* 

4 


2{ 

(21 


6 
51 


3 


? 


22 
24 


li 


2i 


I2i 

4. 2| 


? 


6 


.,P 


1 


80 
3S 


1* 


3 


H . 


4i 


I 8 


J' 


3 


12 
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